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This study was undertaken to increase knowledge of opal phyto- 

liths in plants and soils of Oregon, and thus encourage further use of 

phytoliths in future pedologic investigations. 

Content of plant opal in needles from ten common Oregon conifer 

species ranged from 0.2 to 7.9%. Western larch (Larix occidentalis) 

contained the greatest quantity of plant opal, but durable silt -size 

opal phytoliths were not present. Ponderosa pine (Pinus ponderosa) 

and Engelmann spruce (Picea engelmannii) contained opal phytoliths 

which appeared potentially useful as indicators of past species pre- 

sence. However, occurrence of these forms was not confirmed in the 

soils studied. In contrast, phytoliths from Douglas -fir (Pseudotsuga 

menziesii) needles were distinctive of the species and present in many 

soils. The quantity of these phytoliths present in ten soils which 

currently support Douglas -fir forests varied from 40 to 6300 pounds 

per acre. This range of values is attributed both to variation in length 
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of time during which Douglas -fir has grown at a given site and to 

variation in phytolith content of the needles produced at the different 

locations examined. In general, Douglas -fir needles grown on soils 

formed in less weathered parent materials or those containing fresh 

volcanic ash contained higher phytolith concentrations. Maximum 

phytolith concentration in needles was greater than 450 times the 

minimum recorded. 

Plant opal content of leaves from five grasses and one sedge 

species averaged approximately 20 and 6 %, respectively, of oven - 

dried weight. Estimated phytolith content was approximately 7% for 

the grasses and 2.4% for the sedge. Principal phytolith forms from 

each of these species were described and their relative abundance 

tabulated. The proportions determined for various coarse silt -size 

phytolith shapes in the 20 to 50 µ fraction of a given species were 

called phytolith assemblages. These assemblages were utilized to 

identify the origin of phytoliths from soils. 

Rod- shaped phytoliths dominated the assemblages of all species 

examined (47 to 95 %), but kinds of rods varied between species. Rods 

with wavy margins were present in two species. Smooth rods were 

predominant in two other species and rough rods were predominant in 

a third pair of species, Hookbases comprised approximately 40% of 

two assemblages and were significant components (5 to 25 %) of three 

others. Four assemblages contained a significant component of hairs 

(8 to 28 %). 



Phytolith content of three Columbia Plateau Haploxerolls (Walla 

Walla series and two profiles of the Condon series) from loess, ranged 

from 230, 000 to, 530, 000 pounds per acre. ; Phytolith assemblages of 

these profiles were rather uniform. Only relatively small propor- 

tional differences in form were evident between profiles or between 

horizons within a given profile. Rod -shaped phytoliths dominated all 

horizons of all three profiles (90 to 100 %). Smooth rods were the 

major type in all but two of the 15 horizons studied, and wavy rods 

were only a minor component. These data were interpreted to indicate 

that Idaho fescue (Festuca idahoensis) had been the primary source of 

phytoliths. 

Phytolith content of two Xerolls (Wallowa and Hurwal series) 

from the Blue Mountains of northeastern Oregon, was approximately 

1, 000, 000 pounds per acre. A nearby, light- colored, forested soil, 

formed in volcanic ash (Andept, Tolo series), contained only half as 

much plant opal. The phytoliths in all three of these profiles were 

derived from grass. Phytolith assemblages from the two grassland 

soils were similar to those of the Columbia Plateau profiles. Phyto- 

lith assemblages from the forested soil were markedly different from 

those of the other six profiles. Pinegrass (Calamagrostis rubescens) 

was identified as the most probable source of phytoliths in this profile. 

The only alluvial soil examined contained more than twice as 

much plant opal in a buried profile as occurred in the+surficiat 



profile. Phytolith assemblages from the buried horizons differed 

from those of the surficial sequence, indicating a change in species 

composition. 

Microscopic examination revealed that clay -size structures 

composed 60 to 100% (by volume) of the plant opal in the species 

examined. Estimated maximum annual yields of this finely divided 

plant opal, for the soils under consideration, ranged from 80 pounds 

per acre (conifers) to 300 pounds per acre (grass). These suggest 

that plant opal constitutes a major portion of the silica budget of many 

Oregon soils. 

Opal phytoliths occurring in soil provide a useful tool for 

studying many aspects of soil formation. Quantitative comparison 

between contrasting soils or parent materials is apt to be unreliable, 

however, due to large differences which may occur in phytolith 

content of a given plant species growing on different kinds of soil. 

Statistical evaluation of the many variables relating to phytolith 

assemblages and rates of accumulation is necessary before quanti- 

tative conclusions can reliably be made from phytolith data. 
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DISTRIBUTION, FORM AND SIGNIFICANCE OF PLANT 
OPAL IN OREGON SOILS 

INTRODUCTION 

The occurrence of plant -derived opal in soils was recognized in 

the middle of the nineteenth century (Struve, Ruprecht and Ehrenberg 

as cited by Baker, 1959). For nearly a, hundred years thereafter 

interest was sporadic or lacking. Not until microscopic study of soil 

constituents became common practice, in the middle of the present 

century, did students of soil begin to show sustained interest in plant 

opal. Within the past two decades, workers in Australia (Baker, 1959; 

Jones and Handreck, 1967), Great Britain (Smithson, 1958), Japan 

(Kanno and Arimura, 1958), Russia (Parfenova and Yarilova, 1962), 

Canada (Brydon et al., 1963; Dormaar and Lutwick, 1969), and the 

United States (Jones and Beavers, 1963; Witty and Knox, 1964; 

Wilding, 1967) have accumulated a small body of knowledge concerned 

with plant opal in soil, and plant opal in general. Much of this effort 

has been devoted to study of the plant opal itself, but some of it has 

involved using plant opal as a research tool. 

Objectives 

This study was undertaken to increase knowledge of opal phyto- 

liths in plants and soils of Oregon, and thus encourage further use of 



phytoliths in future pedologic investigations. Specific objectives 

were: 
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(1) to supply a reference for identification of some common 

phytolith forms from plants and soils of the Pacific North- 

west; 

(2) to determine which of these plant species offer potential for 

phytolith research in Oregon soils; 

(3) to explore the feasibility of using assemblages of opal phyto- 

lith shapes to characterize grass species; 

(4) to demonstrate some of the kinds of information about soils 

that may be learned by studying the amount and types of 

phytoliths in selected soil profiles; and 

(5) to establish phytolith curves for a number of Oregon soils, 

which may serve as references for subsequent studies. 

Potential Significance of Plant 
Opal in Soil 

The relatively durable fraction of plant opal may serve as an 

indicator in several ways. 

(1) Vegetation history of a soil may be elucidated, where the 

species producing the opal can be identified. 

(2) Buried surface horizons should be coincident with relatively 

high plant opal concentrations. 
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(3) The span of time during which surface horizons have been 

forming may be proportional to the plant opal concentra- 

tion. 

(4) Rate of mixing between adjacent horizons may be indicated 

by plant opal depth distribution. 

Both persistent and less durable plant opal are significant steps in the 

botanical cycling of soil minerals. Although perhaps minor in extent, 

high concentrations of plant opal are capable of modifying soil texture. 

For the purpose of this discussion, a distinction will be made 

between plant opal (all forms of opal concentrated in plants), and opal 

phytoliths (discrete, silt and sand -size bodies of plant opal which 

occur in more or less repetitive shapes). Calcium oxalate crystals 

are a common constituent of many plants, and could logically be 

called phytoliths also (Parfenova and Yarilova, 1965). They do not 

persist very long as such in soils, however. The term phytolith as 

used herein will be understood to mean opal phytoliths only. 

History of Vegetation 

Most of the authors who have written about opal phytoliths have 

commented on their possible usefulness as an indication of past vege- 

tation. Traditional methods for reconstructing the history of Pleisto- 

cene and Holocene vegetation have relied heavily on pollen preserved 

in peat deposits and other aquatic environments (Hansen, 1947; Davis, 



1963). Macroscopic plant remains preserved in bogs and glacial 

deposits have also been utilized (Flint, 1971). More recently, pollen 

and macroscopic plant debris from such arid environments as arroyo 

sediments (Martin, 1963) and wood -rat middens (Wells, 1967), 

respectively, have been exploited. These methods, conventional and 

otherwise, rely on particular depositional environments. An advan- 

tage offered by opal phytoliths in soil is the promise of a record 

preserved over much of the landscape, and which applies to the soil 

being examined. Pollen profiles from bogs or alluvium must be 

extrapolated to a hypothetical source area. 

If opal phytoliths are to serve as a useful tool in the study of 

past vegetation, a number of conditions must be met. Species of 

plants must have been present which accumulated enough silica, in 

recognizable shapes, to leave a detectable record. Soil erosion must 

have been negligible for the period under consideration, to allow con- 

centration of phytoliths. A minimum of physical disruption is also 

advantageous. Accretion of parent material, either gradually or as a 

succession of deposits, is desirable because changes of vegetation on 

a stable soil would result in a homogenized record. The only sort of 

shift in vegetation which would leave detectable evidence in the same 

sequence of horizons might occur when vegetation associated with 

vigorous mixing of the soil profile is followed by species associated 

with a minimum of physical disruption. Under such circumstances 
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the plant opal of the first cycle of vegetation should have a much 

deeper distribution than that of the second cycle. A sequence in which 

shallow phytolith distribution was followed by mixing would obviously 

be difficult or impossible to interpret. 

Buried Soils 

In addition to providing data relevant to the vegetation history of 

present soils, opal phytolith concentrations may be good indicators of 

buried surface horizons, especially where other evidence is equivocal. 

Phytoliths may be even more useful for studying vegetation history of 

buried soils than for contemporary soils, because alternative 

methods are less readily available. Numerous publications attest to 

a rapidly growing interest in buried soils as stratigraphic markers 

(Richmond, 1962; Morrison and Wright, 1967; Ruhe, 1969; Stevenson, 

1969). Use of such markers inevitably raises a question about what 

sort of paleo- environment formed the buried soils. Soil characteris- 

tics provide some basis for making this kind of paleo- climatic 

inference, but evidence of associated vegetation offers a distinct 

advantage. 

Phytolith Distribution Curves 

Distribution of opal phytoliths within a soil profile is perhaps 

more meaningful than total amount present. Just as broad groups of 
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soils tend to have organic matter distribution curves of a character- 

istic shape (Buckman and Brady, 1960, p. 151; Broadstreet, 1953), 

they could also be expected to have distinctive phytolith distribution 

curves. When the normal plant opal curve for a given area has been 

determined, deviations can be noted and reasonable explanations 

sought. A rather large sample may be required to arrive at such a 

determination, however, because bisequal profiles, buried soils, or 

severe erosion may be present over sufficiently wide areas that any or 

all of these conditions may appear normal. 

Radiocarbon dates of soil organic matter indicate a mean 

residence time of several hundred to a few thousand years (Simonson, 

1959; dstlund and Engstrand, 1963). Length of time necessary for 

organic matter levels to reach equilibrium is presumably about the 

same order of magnitude. Wilding's (1969) radiocarbon date for grass 

opal strongly suggests that plant opal continues to accumulate for more 

than 13, 000 years. Thus, a phytolith distribution curve may continue 

to develop for many thousand years after organic matter levels in 

the same soil have become stabilized. Because of this lag, phytolith 

curves may not reflect changes in climate or vegetation nearly as 

quickly as those for organic matter. Wilding and Drees (1971) 

reported equal amounts of grass phytoliths in prairie and forest soils 

of western Ohio. They concluded that the forest soils had supported 

grass at some time in the past, and for a period about as long as the 
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present prairie soils. It would be presumptive, then, to assume that 

all phytolith curves are the product only of the present vegetation or 

climate. 

Where the opal phytolith curve closely parallels that for organic 

matter, the same plant species have probably contributed significantly 

to both. Conversely, where plant opal and organic matter profiles 

display little or no similarity there is a strong suggestion that differ- 

ent species (and perhaps entirely different types of vegetation) were 

responsible for each. 

However, several mechanisms may work counter to this rela- 

tionship. The protracted period of phytolith accumulation previously 

referred to may result in a discrepancy between these two kinds of 

curve. Movement of dissolved or dispersed organic matter within a 

soil profile (long recognized in podzolic soils) is a possible source of 

confusion. The majority of 13 western Oregon soils examined by 

Franklin (1970) contained an increasing proportion of fulvic acid with 

increasing depth. Since this portion is considered a relatively mobile 

fraction of soil organic matter (Wright and Schnitzer, 1960), one 

would expect organic matter to occur at greater depths in these soils 

than plant opal, due to downward movement in solution. Organic 

matter derived from roots may also confound comparison between plant 

opal and organic matter curves, especially if roots are a large part 

of the organic material annually added to the profile. For example, 
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Titova (1968) asserts that 80% of the litter in dry steppe soils of the 

northwest Caspian Lowland is in the form of roots. 

Phytolith distribution curves can provide a relative measure of 

the rate at which material from the surface horizon is mechanically 

incorporated into deeper layers, because phytoliths are not generally 

subject to illuviation or produced in roots. Possible exceptions might 

be afforded by the few species which do contain a significant quantity 

of phytoliths in their roots (Pease, 1967). 

Duration of Soil Formation 

Where an estimate is available for rate of phytolith accumula- 

tion, the quantity present in a soil profile provides a measure of the 

time during which that sort of vegetation has grown on the soil. Since 

climatic change could alter both type of vegetation and volume of 

production, uniform rates of phytolith accumulation are not apt to 

apply for long periods (e. g. , 10, 000 years). For intervals of a few 

thousand years, however, climatic conditions may have been suf- 

ficiently stable to make this technique useful. 

Finely Divided Plant Opal 

Although this study is concerned mainly with silt -size plant 

opal, i. e. , phytoliths, there is no intent to minimize the pedologic 

importance of plant opal occurring in a more finely divided state. 
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The latter is probably more prevalent in plants, more ephemeral in 

soils, and certainly is more difficult to study than the former. Its 

impermanence, however, implies that the finely divided plant opal is 

perhaps more important for soil formation than more persistent forms. 

An indirect, but potentially significant result of the silica uptake 

by plants concerns the elements not assimilated. Continued with- 

drawal of silica from minerals present in soil may accelerate their 

disintegration by weakening the structural framework. Aluminum, for 

example, could thus be rendered available to form many of the com- 

mon weathering products. 

Soil Texture 

Accumulations of silt -size opal phytoliths are potentially 

capable of altering a soil's textural class. This effect would be most 

readily expressed where the silica is derived from a size fraction 

other than silt. Thus, if plants acquire silica at the expense of clay - 

size particles, texture of the resulting soil will become coarser as 

silt -size phytoliths accumulate. If plant opal is formed at the expense 

of silt -size soil constituents, however, even a high concentration of 

silt -size phytoliths may not alter soil texture at all. Addition of 

phytoliths to either coarse or fine- textured soils would tend to 

improve physical conditions for plant growth. 
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LITERATURE REVIEW 

Opal in Plants 

Description and Classification 

Attempts to classify some of the limitless forms in which plant 

opal occurs have spanned well over a century. The nature of these 

efforts has been influenced by their respective authors' diverse 

objectives. C. G. Ehrenberg described and classified a great many 

forms of opal phytoliths (and many other minute forms of life as well) 

between 1846 and 1871 (as cited by Baker, 1960). He assumed initially 

that they were the skeletons of micro -organisms which inhabited 

plants, but later corrected this error. The Latin names he applied to 

several dozen of these "species" (e. g. , Lithostylidium serra) are of 

historical interest only, regardless of the scientific respectability 

which they might imply. 

Prat (1951) and Metcalfe (1960) used presence, shape and 

distribution of opal phytoliths in leaves of grass as a tool in grass 

taxonomy. Since position of phytoliths in the leaf is an important 

factor in this approach, the taxonomic value of discrete phytoliths in 

soil cannot be easily determined. 

Twiss, Suess and Smith (1969) examined opal phytoliths in the 

10 -25 µ fraction from the leaves of 17 grass species in Kansas. On 

the basis of shape, they were able to group these phytoliths into 26 
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types, making up four classes. Use of these four classes made it 

possible for them to divide the grasses into three groups of sub- 

families, which they modified after Metcalfe (1960). Opal phytoliths, 

isolated from atmospheric dust samples collected in Kansas, were 

grouped into these four shape -classes by Twiss et al. (1969) in an 

attempt to determine the general source area (tall grass vs. short 

grass prairie) of the dust cloud, A major limitation of this approach 

to phytolith classification is that a great many grass species are 

included within the final groups of subfamilies (Festucoid, Panicoid, 

and Chloridoid). A second drawback is that the largest and most 

common form of grass phytolith (rods, or Elongate class of Twiss 

et al., 1969) is not used as a criterion in this system. Many of the 

forms considered diagnostic have a minimum dimension of less than 

10 µ. 

Perhaps the most common sort of plant opal investigation has 

involved enumeration and description of a large number of phytolith 

shapes, with or without assigning the shapes of opal to particular plant 

species. 

In his comparison of opal phytolith assemblages from two soils 

in Victoria, Australia, Baker (1959) illustrates 100 different forms 

from one soil and 50 from another. He assigns names to more than 

40 of these forms but does not attempt to correlate them with either 

native or introduced plant species. 
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Smithson (1958) compared plant opal from several soils in 

Wales with phytoliths obtained from ten grass species growing at the 

sample locations. He distinguished at least 12 shapes of phytolith, 

most of which were present in more than one species of grass. 

Garber (1966) investigated plant opal from 17 species growing on 

two Idaho soils formed in volcanic ash. He concluded that Douglas - 

fir and western larch were the only trees which produced distinctive 

opal forms. He also recognized that much of the plant opal in the soils 

resembled the grass opal of previous workers, but did not examine 

any local grass species. In an effort to explain why there was no 

previous mention of Douglas -fir opal in soils from Oregon, Idaho, 

Washington or Montana, Garber collected Douglas -fir needles from 

trees growing on soils from parent material other than volcanic ash. 

Douglas -fir opal was either absent or very scarce in these needles. 

Raeside (1970) compared opal phytoliths from three tussock 

grasses and three upland sedges from New Zealand. On the basis of 

phytolith shape he was able to distinguish between grass phytoliths 

and sedge phytoliths but could not separate members within each 

group. 

Characteristic phytolith forms of 30 plant species from the mid - 

western United States were described by Rovner (1971). He discussed 

possible paleo- ecological utility of these forms, but did not measure 

amounts of plant opal produced. 
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Concentration 

A significant study of silica in a single species was done on oats, 

in Australia, by Handreck and Jones (1968) and Jones, Milne and 

Wadham (1963). They demonstrated that opal content of the mature 

oat plant, in the 0.3 to 3% range, was essentially proportional to the 

level of dissolved silica in the soil solution (7 to 67 ppm). Their data 

also show a close correlation between amount of silica accumulated 

and amount of water transpired. In a plant with an average silica 

content of 2. 9 %, the inflorescence, leaf blade and stem contained 7. 7, 

5. 3 and 1% silica, respectively. Roots contained only slightly more 

than the stem. 

Similar work on rice has shown that uptake of silica from 

culture solutions containing 0 to 100 ppm SiO2 (Volk, Kahn and 

Weintraub, 1958; Okuda and Takahashi, 1961) was also proportional 

to the concentration in solution, but at a distinctly higher level. In 

contrast to the simple, passive silica uptake exhibited by oats and 

wheat (Jones and Handreck, 1965), rice appeared able to concentrate 

silica from solution to a significant extent, however concentration 

within the plant still varied with that in solution (Okuda and Takahashi, 

1964). These investigators also demonstrated that metabolic inhibitors 

counteracted the ability of rice to concentrate silica from solution, 

without interfering with water absorption. Yoshida, Onishi and 
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Kitagishi (1959) found that the silica content of mature rice plants 

ranged from 5 to 20 %, depending on soil. High silica content of rice 

can perhaps be partly accounted for by transpiration of great quantities 

of water. 

Dicotyledonous plants generally contain levels of silica between 

5 and 10% of those found in the Gramineae (Jones and Handreck, 

1967). Handreck and ones (1968) and Okuda and Takahashi (1961) 

have shown that clover and tomatoes contain much lower silica con- 

centrations in the xylem sap than is present in the growth medium. 

Five grass species from New Mexico, which were examined by 

Pease (1967), had an average plant opal content of 3.1%. Tobosa 

( Hilaría mutica) had the highest concentration in above -ground por- 

tions (4.4 %), and black grama (Bouteloua eriopoda) contained 4. 8% 

in the roots. Abiusso (1962) reports several grass species from 

Argentina with silica contents between 4 and 6 %. 

Particle -size Distribution 

As part of their extensive study of plant opal in Illinois soils, 

Jones and Beavers (1964) examined particle size distribution of opal 

obtained from big bluestem and reed canary grass (Andropogon 

gerardi and Phalaris arundinacea). The largest proportion, 24 to 

50 %, was clay -sized (< 2 µ); 22 to 47% was fine silt (2 -20 µ); 7 to 14% 

was coarse silt (20 -50 µ) and 4 to 20% was sand -sized (> 50 µ) Part 
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of this range in size distribution was due to difference in plant species 

and part to different methods of sample preparation (acid digestion vs. 

ashing). For their work they assumed that 10% of the grass opal 

occurred in the 20 -50 µ fraction. Grass opal obtained by Verma and 

Rust (1969) from soils in Minnesota, and which they assumed was 

derived from Andropogon sp., had a similar particle size distribution. 

The fine silt fraction (5 -20 p.) contained 1.2 to 5 times as much plant 

opal as the coarse silt fraction (20 -50 µ). 

Wilding and Drees (1971) found that most of the plant opal in 

leaves of seven species of deciduous trees from western Ohio was 

smaller than 5 p. in diameter. Opal content of these species ranged 

from 0. 9 to 8.8%. They concluded that there was little danger of 

confusing silt -sized plant opal from grass with that from deciduous 

trees. 

Composition 

Composition of opal phytoliths in plants and soils varies within 

rather narrow limits (85 to 90% SiO2) (Jones and Beavers, 1963; 

Arimura and Kanno, 1965). Specific gravity commonly ranges from 

2.0 to 2. 3 (Baker, 1959), but Wilding (1967) noted that particles 

containing more than average organic matter might have a specific 

gravity as low as 1. 50. Index of refraction ranges from 1.420 to 

1. 458, with lower values resulting from greater content of water 
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(generally 5 -9 %). Combined cation content (CaO, Mg, Na2O, K2O) is 

apt to vary from 3 to 6 %, depending on plant species and soil. Specific 

surface determinations have ranged from 1 or 2 m,2 /g for ashed 

samples to 14 m2 /g (Jones and Milne, 1963) and even 122 m2 /g for 

acid digested samples (Peinemann, Tschapek and Grassi, 1970). 

Method of sample preparation appears to be one of the chief 

sources of variation in physical properties reported for plant opal. 

Digestion in acids tends to give lower values for specific gravity, 

refractive index, and percent cations (Jones and Milne, 1963). Ashing 

tends to result in higher values for these properties but reduces the 

percentage of water. Some of the opal is also converted to crystobalite 

(Jones and Handreck, 1967). As the temperature at which the ashing 

takes place is increased, so does the amount of opal converted to 

crystaline forms. Kanno and Arimura (1965) reported that measurable 

amounts of quartz, tridymite and cristobalite formed in samples 

prepared at 600, 800 and 900 °C. They attributed this low temperature 

crystallization to the catalytic action of the monovalent cations which 

were present. 

Plant Opal in Soils 

Soils in General 

Plant opal content of a great many Illinois soils was investigated 



17 

by Beavers and Stephen (1958) and Jones and Beavers (1963, 1964). 

They found a tendency for plant opal content of the surface horizon to 

increase (from 0.77 to 1.23 %) with increasing distance from the source 

of the loess in which the soils had formed. Their interpretation was 

that the plant opal had been accumulating throughout much of the 

period of loess deposition and was therefore more concentrated in 

surface horizons of soils in which the entire loess deposit was within 

the soil profile, Closer to the source of supply, loess deposition had 

been so rapid that present surface horizons could only have formed 

since loess deposition ceased. In a later study, dealing with some of 

the same soils, Jones and Beavers (1964) reported that the total 

amount of coarse silt -size plant opal was almost identical, irrespective 

of loess thickness. Distribution of opal phytoliths with depth compen- 

sated for differences in phytolith concentration of the surface horizons. 

In comparing vegetation and drainage with respect to plant opal 

content of surface horizons in western Illinois, Jones and Beavers 

(1964) found higher opal concentrations in moderately well and some- 

what poorly drained soils than in well and poorly drained soils regard- 

less of present vegetation (prairie vs. forest vegetation, and 

Brunizem vs. Gray Brown Podzolic soils, respectively). According to 

Wilding and Drees (1971), grass opal content of prairie and forest 

soils on the Wisconsin till plain of western Ohio was essentially equal. 
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Concentrations averaged only 0.1%, and could have accumulated in 

150 -550 years. 

In Victoria, Australia, Baker (1959) reported opal phytolith 

concentrations of 2. 6 and 2.0% from the surface horizons of a swamp 

soil and an upland soil, respectively. 

Verma and Rust (1969) examined plant opal content of six soils 

on a transect across the prairie- forest boundary in southeastern 

Minnesota. Grass opal occurred on all profiles, but the grassland 

soils (Hapludolls) contained about 20% more than the forested soils 

( Hapludalfs). One of the profiles studied displayed a distinct increase 

in plant opal at a depth of 50 cm, which was considered evidence of a 

buried surface horizon. 

Dormaar and Lutwick (1969) demonstrated that infrared spectra 

of humic acids and grass opal counts were both feasible means of 

categorizing the vegetation under which buried soils were formed in 

southern Alberta. Lutwick and Johnston (1969) used the difference 

between shapes of coarse silt -size opal phytoliths from Festuca and 

Calamagrostis species to postulate a mechanism for development of 

some cumulic soils in southern Alberta. However, the difference 

between these phytolith shapes was not described. 

Kanno and Arimura (1958) discussed several volcanic ash soils 

from Japan in which the opal phytolith concentration of very fine sand 

fraction (20 -200 µ) ranged from 10 to 50 %. They observed that soils 
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formed from volcanic ash contained much more plant opal in the 

surface horizons than those derived from non -volcanic parent 

materials. 

The extreme instance of opal phytolith concentration is undoubt- 

edly that reported by Riquier (1960) from Reunion Island, in the 

Indian Ocean. The upper mineral horizon of the soils he described 

consists of a white layer, 5 to 30 cm thick, composed entirely of opal 

phytoliths. The author ascribes the formation of such a pure plant 

opal deposit to a local combination of circumstances, including: very 

acid soils; vegetation of bamboo, ferns and mosses; high precipitation 

(2 -4 m); long dry season; frequent fires; and moderate temperatures. 

Pacific Northwest Soils 

Witty (1962) studied the stability of vegetation across a ponderosa 

pine -grassland boundary in Wasco County, Oregon. Using grain 

counts of the 15 to 100 µ fraction,he obtained concentrations of 0. 15 

and 2. 8% phytoliths in the surface horizon of forest and grassland 

soils, respectively. He concluded that the present vegetation boundary 

has been relatively stable for 4500 to 7000 years, depending upon the 

rate assumed for plant opal accumulation. 

Brydon et al. (1963) called attention to the presence of silicified 

asterosclereids from Douglas -fir in Concretionary Brown soils of 

British Columbia, but gave no data relative to frequency. 
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In a study of two Idaho Spodosols formed in volcanic ash from 

Mt. Mazama, Garber (1966) found that plant opal content of the very 

fine sand fraction in surficial mineral horizons ranged from 3. 1 to 

3.4 %. Douglas -fir phytoliths predominated in one profile and grass 

opal in the other. 

Franklin (1970) studied the mineralogy of 13 western Oregon 

soils with very high organic matter concentrations (12 to 37 %). Three 

of them contained less than 0. 1% plant opal in any horizon. Nine soils 

contained a maximum of 0. 2 to 0. 5% plant opal in any horizon and one 

profile reached 1. 0% plant opal in two horizons. Grass opal was the 

predominant form in most profiles. Those with nigher opal concen- 

trations were situated on coastal headlands where grass is very 

common at present. 

As part of a study of forest soils developed in volcanic ash from 

Mt. Mazama, Rai (1971) investigated the mineralogy of the coarse silt 

(20 -50 µ) fraction from eight profiles along a transect between central 

and northeastern Oregon. Phytoliths from grass and Douglas -fir 

were present in all profiles examined, but relative abundance varied. 

Three of four soils from Ochoco National Forest contained two to three 

times as many phytoliths from Douglas -fir as from grass. In the 

fourth soil this ratio was reversed. Although the two profiles from 

Grant County were situated only 100 feet apart, grass opal was 

predominate in one and Douglas -fir phytoliths were at least a majority 
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in the other. This degree of variability in the phytolith assemblages 

is perhaps not surprising. Boundaries between forest and grassland 

in the area are presently abrupt and numerous (Rai, 1971). While 

vegetation and soil boundaries correspond quite closely at present, 

there is no guarantee that such has always been the case. Of the 

Umatilla County samples, the profile nearer to the present grass - 

forest boundary and at lower elevation (3900 feet) contained approxi- 

mately twice as much plant opal from grass as from Douglas -fir, 

while that located four miles further into the forest and 600 feet 

higher contained approximately equal proportions of both. 

In view of the nearly linear relationship between plant opal 

content and silica in soil solution reported for rice (Volk et al., 1958; 

Okuda and Takahashi, 1961) and oats (Handreck and Jones, 1968), 

some data from western Oregon are of interest with respect to 

Douglas -fir. Paeth et al. (1971) reported on the coarse silt (40 -50 µ) 

mineralogy of four soils from a limited area of the Cascade Mountains 

in Oregon. Their data show rather good agreement between Douglas - 

fir opal and fresh volcanic glass concentrations in these soils, On 

the other hand, no discernible relationship was evident between 5N 

KOH soluble amorphous material in the clay fraction and Douglas -fir 

opal. One possible interpretation which can be drawn from these two 

relationships is that Douglas -fir assimilates silica from volcanic 

glass more readily than from amorphous clay. Several alternative 
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explanations also deserve consideration. Litter and volcanic glass 

may both tend to be retained in similar places, such as concavities or 

level spots. Douglas -fir may also be more prevalent in situations 

where volcanic glass is less apt to be eroded. 

Accumulation Rate 

Pease (1967) estimated that a 50 -year period of accumulation 

was sufficient to account for the existing plant opal concentrations in 

six New Mexico soils with surface horizons containing an average of 

only 400 pounds per acre of plant opal. He assumed annual increments 

of 8-10 pounds per acre of durable plant opal from 340 pounds per 

acre of grass. 

For some soils in Victoria, Australia, with approximately 2% 

plant opal in the A horizon, Baker (1959) estimated that only 1000 

years were required for the plant opal concentration of the upper six 

inches to reach equilibrium. He did not consider deeper horizons. 

Assuming annual increments of 15 pounds of coarse silt -size 

plant opal per acre (0. 3% from a yield of 5000 pounds of grass), Jones 

and Beavers (1964) concluded that the plant opal in the Illinois soils 

they studied could have accumulated in 4000 to 5000 years. 

Witty and Knox (1964) estimated a similar period of accumula- 

tion (4000 -7000 years) for the grass opal they studied in some Central 

Oregon soils. The assumptions made to arrive at this estimate were 
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somewhat different from those assumed for the Illinois soils. Due to 

a much drier climate the annual yield of grass from the Oregon soils 

was only 1000 to 1500 pounds per acre. However, approximately 70% 

of the plant opal was accounted for and judged to be persistent. Both 

studies assumed a silica content of 3% in the grass. 

Accuracy of these attempts to estimate rates of opal phytolith 

accumulation was called into question when Wilding (1967) obtained a 

radiocarbon date of approximately 13, 000 years on grass opal 

laboriously concentrated from the upper 18 cm of an Ohio soil. Since 

such a determination is necessarily an average, some of the plant 

opal in this soil must be several thousand years older. Further 

evidence for the stability of plant opal is offered by Gill (1967), who 

reports finding it in Upper Pliocene deposits in Victoria, Australia. 

Since he did not define the conditions of occurrence, it is quite 

possible that this instance is not directly relevant to plant opal 

durability in soil. 

Finely Divided Plant Opal 

The influence of vegetation on soil fertility by nutrient cycling 

has been seriously studied for many years (Lutz and Chandler, 1946; 

Buckman and Brady, 1960). Pedological implications of recycled 

elements other than plant nutrients, however, have been largely 

ignored. Russian investigators have dealt with the question of direct 
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influence of plant opal on secondary mineral formation (Parfenova and 

Yarilova, 1965) to a greater extent than those of most other countries. 

Their work has not been widely accepted in this country, however. 

Some geological aspects of silica -accumulating plants in rock weather- 

ing have been considered by Lovering (1959) and Lovering and Engle 

(1967), but without discussing soil formation as such. Jones and 

Beavers (1964) noted that 24 to 50% of the plant opal they obtained from 

two Illinois grasses occurred as clay -size particles. They suggested 

that plant opal may be a significant part of the clay fraction of some 

soils, but did not investigate this fraction of plant opal in the soils they 

studied. More recently, Shoji and Masui (1969) concluded that the 

silica which they obtained from the clay fraction of surface horizons 

in young (< 500 years old) volcanic ash deposits on Hokkaido was of 

pedogenic origin. They offered no suggestion for a possible mechanism 

of formation. The illustrated opal forms and their increasing abun- 

dance toward the surface both suggest a botanical origin. 

Plant Opal in Other Places 

Plant opal is found not only in plants and soils, but in several 

other environments as well. Folger, Burckle and Heezen (1967) have 

reported as much as 16% opal phytoliths in the silt fractions of 

atmospheric dust collected during a dust storm while cruising the 

Atlantic Ocean between South America and Africa at 14° N latitude. 
e 
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Samples from a similar dust storm were collected by Charles Darwin 

as the Beagle passed near the Canary Islands in 1833 (Darwin, 1846). 

The presence of abundant opal phytoliths and fresh water diatoms in 

his samples was determined by C. G. Ehrenberg (p. 10). Transporta- 

tion of continental detritus over such great distances was attributed to 

the harmattan winds, which sweep across the western Sahara Desert 

during the winter months. Kolbe (1957) found comparable concentra- 

tions of plant opal and fresh water diatoms in deep sea sediments 

taken from the same area. 

Quite a different mode of occurrence for plant opal is its wide- 

spread use by some native ceramic industries of the Amazon Basin 

( Linné, 1965). In many areas where sand is not readily available, 

bark which contains a high percentage of sand -size opal particles is 

burned and mixed with clay to reduce shrinkage and cracking (Lathrap, 

1970). This practice has been followed for so many centuries that 

presence of plant opal in pottery is routinely used by archeologists to 

classify ceramic artifacts (Evans and Meggers, 1968). 

Plant opal may exert a significant influence on the health of 

grazing animals. Baker, Jones and Wardrop (1959) have shown that 

plant opal is capable of wearing down sheep's teeth. They have also 

demonstrated that opal phytoliths are capable of altering the lining of 

the rumen in lambs. According to Jones and Handreck (1965) both 

palatibility and digestibility of feed may be adversely affected by high 
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levels of silica. Urolithiasis or waterbelly (formation of siliceous 

kidney stones) causes serious losses of cattle in Western Australia 

and some western areas of Canada and the United States. Outbreaks 

of this disease have been associated with cattle grazing on species of 

grass and rush containing high levels of silica (Parker, 1957). 

Where conditions are favorable, plant opal may make up much 

of the mineral matter in peat deposits. Hansen (1947) reports an 

accumulation of equisetum opal nearly one meter thick from a peat 

bog near Mount Adams, Washington. 

From the preceding rather wide - ranging review it is evident 

that grasses are the most common source of plant opal and that 

Douglas -fir and a few other coniferous trees also contain significant 

concentrations. Information relating specifically to amounts and 

shapes of phytoliths in important Oregon plant species is lacking, 

however. Limited data are available concerning phytoliths in a 

number of Oregon soils, but for most of them either kinds or 

quantities are not known in detail. One of the objectives of the follow- 

ing investigation is to develop the background information which would 

be required in using phytoliths to study soil formation. 



MATERIALS AND METHODS 

Plant Sampies 

Selection 
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Preliminary examination of needles from 15 Oregon conifer 

species revealed that five (western white pine, white -bark pine, sugar 

pine, mountain hemlock, western juniper) contained very small amounts 

of plant opal. No further examination was conducted on these species. 

Needles of the ten remaining species (Table 2, p. 36) were studied in 

more detail. The five species containing relatively high opal concen- 

trations were sampled from two or more contrasting soils, to indicate 

the range in plant opal content which was due to difference in soil 

(Table 1). Leaves of six grass species which are important compo- 

nents of eastern Oregon range vegetation (Anderson, 1962) were 

obtained from soils containing moderate to large amounts of volcanic 

ash. Variability in plant opal content of each grass species was not 

determined. 

Preparation 

Washed samples of dead needles or grass leaves were dried 

(100°C); weighed to the nearest milligram; and reduced to white ash 

in a ceramic crucible, using a Bunsen burner. The resultant ash was 



Table 1. Summarized information for sites from which samples of conifer needles were obtained. 

Species Location Soil Parent material Precipitation 
(inches) 

Elevation 
(feet) 

Douglas -fir 

Douglas -fir 

Douglas -fir 

Douglas -fir 

Douglas -fir 

Lodgepole pine 
Sitka spruce 

(Continued on next page) 

Benton Co. 
SE1 /4, SW1 /4, Sec. 5 

T14S., R7W. 

Honeygrove 
clay 

Tyee formation 
(strongly weathered) 

75 850 

Benton Co. Digger Tyee formation 75 900 

SW1 /4, SW1 /4, Sec. 5 gr. loam (weathered) 
T14S., R7W. 

Benton Co. Honeygrove 
SE1 /4, SW1 /4, Sec. 17 clay 
T14S., R8W. 

Tyee formation 

(strongly weathered) 
75 270 

Lincoln Co. Slickrock Tyee formation 80 550 

NE1 /4, NE1 /4, Sec. 16 gr. loam (weathered 
T11S. , R8W. colluvium) 

Lane Co. Netarts sandy Sand dunes 70 50 

SW1 /4, NE1 /4, Sec. 14 loam (stabilized) 
T18S., R12W. 

Coos Co. 
NE1 /4, NE1 /4, Sec. 9 

T29S. , R14W. 

Ferrelo loam Sand dunes 60 250 

(stabilized) 



Table 1. (Continued) 

Precipitation Elevation 
Species Location Soil Parent material 

(inches) (feet) 

Douglas -fir Benton Co. Woodburn silt Willamette 40 250 

Western larch SW1 /4, SE1 /4, Sec. 34 loam silt 
Ponderosa pine T115. , RSW. 

Engelmann spruce 
Western hemlock 
Western redcedar 
Incense cedar 

Douglas -fir Linn Co. Salkum silty Andesitic 55 800 

NE1 /4, SE1 /4, Sec. 3 clay alluvium 
T13S. , R2E. (strongly weathered) 

Douglas -fir Linn Co. ( Alluvial Andesitic 100 1200 

NE1 /4, NE1 /4, Sec. 31 terrace) alluvium 
T13S. , R4E. 

Douglas -fir Wheeler Co. Boardtree Volcanic ash 25 5700 

Western larch SE1 /4, NE1 /4, Sec. 11 loam (Mt. Mazama) 
Ponderosa pine T13S., R20E. 

Grand fir 

Engelmann spruce 
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treated with dilute HCl until effervescence ceased, washed repeatedly, 

dried and reweighed, This weight was used as an estimate of opal 

content. If grain counts and descriptions were to be made, the sample 

was further treated with boiling 0. 5N NaOH for five minutes, washed 

repeatedly, and weighed again. 

Schematic Diagram of Plant Sample Preparation 

Boil 5 

Wash, Dil. HCI, min. in 
Incinerate, Reference Grain 

dry, --j weigh _- wash, --0, 5N NaOH,-) slide count 
weigh weigh wash, dry 

weigh 

The final weight is considered a rough approximation of durable 

opal phytolith content. The 5- minute treatment in boiling NaOH solu- 

tion was arrived at by modifying the differential solution procedure of 

Jones (1971). The major objective in this case being to remove the 

fine, intercellular opaline framework without causing detectable 

damage to the opal phytoliths. Treatment for 15 minutes caused 

visible etching of grass phytoliths (Figure 3 -B), while 5 minutes was 

insufficient to remove all intercellular plant opal from Douglas -fir 

samples. Ideally the severity of treatment should increase in propor- 

tion to the size of the opal particles being destroyed. 

Relatively fresh grass samples showed a tendency to fuse before 

all the carbon had ignited. Complete combustion was nearly 
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impossible when this occurred and phytoliths were distorted or 

destroyed. Washing the grass samples in dilute HC1 prior to ignition 

eliminated this problem, presumably by removing cations which had 

served as a flux. 

Plant opal remaining after NaOH treatment was thoroughly mixed 

to insure homogeneity. Subsamples were used to prepare reference 

slides for microscopic examination. Relative abundance of the 

various phytolith forms in each species was estimated from counts of 

200 to 600 grains. Counts were made from a series of adjacent 

microscope fields which formed a transect across the slide. 

Soil Samples 

Selection 

Soils were selected for phytolith examination on the basis of 

geographic extent, availability of standard laboratory data, and 

presence of plant opal. First priority was given to soils which occupy 

a large area, and which have been characterized sufficiently that the 

usual laboratory data were obtainable. Douglas -fir contains the most 

distinctive and common phytoliths of the conifers investigated, and is 

one of the most widespread species. Therefore, the soils studied 

from western Oregon were chosen to represent portions of the Western 

Cascade and Coast Ranges, respectively, where this species has been 

an important element of the vegetation for some time (Figure 1), The 



Figure 1. Location of areas in Oregon where soil samples included in this study were obtained. 
1. Blachly and Bohannon series, Lincoln Co.; 2. Blachly and Bohannon series, Lane Co.; 
3. Honeygrove and Digger series; 4. Buff tuff soil; 5. McKenzie River, Slipout and Bud - 

worm soils; 6. Walla Walla series; 7. Condon series, Wasco Co.; 8. Condon series, íWv 

Gilliam Co.; 9. Tolo series; 10 Wallowa and Hurwal series; 11. La Grande series, 12. Unit 
82. 
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relatively high plant opal content of grasses suggests that soils 

developed under grass are likely to be stongly influenced by phyto- 

liths. Most of the soils studied from eastern Oregon were deliberately 

chosen because grass was the predominant vegetation. Where avail- 

able, soil profiles were studied which had been described and 

analyzed by soil scientists of the Soil Conservation Service, U.S. 

Department of Agriculture. These sites were selected by local field 

men (after comparing a large number of soil characteristics from 

many profiles) as representative examples of soil series currently 

being mapped in the immediate vicinity (Buckman and Brady, 1960). 

No attempt was made to ascertain local variability within a given 

series. Three similar grassland profiles from a three mile transect 

studied by Witty and Knox (1964) showed an average variation of 6% 

in quantity of phytoliths present. Soils formed by the same environ- 

mental factors, acting on uniform parent material for a similar period 

of time, are known to have very similar properties. They can logic- 

ally be expected to have supported similar amounts and kinds of 

vegetation, and therefore to contain similar amounts and kinds of 

plant opal. 

Preparation 

Air -dried samples were weighed and treated with 30% H202 in 

order to remove organic matter. Sodium hexametaphosphate was 

used as a dispersing agent and sand fractions were obtained by wet 

sieving. Silt fractions were separated by sedimentation, using 

settling times of Tanner and Jackson (1947). 



Schematic Diagram of Soil Sample Preparation 

Dry, H2O2 
weigh digestion 
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Sieve, 
dry, Sedimentation, Reference 

weigh dry and weigh slide of 
Grain 

sand silt and clay silt count 

fractions Reference 
slide of 

v. f. sand 

Grain 
> count 

Permanent grain mounts were prepared of the very find sand, 

coarse silt and medium silt fractions of all horizons. Each fraction 

was thoroughly mixed before subsampling, to insure uniformity. 

Slides of the fine silt fraction were made for one or two representa- 

tive horizons per profile. Percentage of plant opal was estimated 

from grain counts of 250 and 5000 grains, depending on opal concentra- 

tion. A transect of adjacent microscope fields was observed across 

each slide. When it was necessary to count more than 500 grains, due 

to a low concentration of plant opal, the non -opal constituents were 

estimated from actual counts of one or two quadrants per field. Phyto- 

lith percentages for very fine sand, coarse silt and medium silt frac- 

tions were counted directly from the grain mounts for each 

horizon. Volcanic ash percentages presented in Appendix I were 

counted at the same time. For the fine silt fraction, one or two slides 

per profile (depending on the number of horizons) were counted. 

Values for the remaining horizons were extrapolated on the basis of 

relative importance of the size fraction. 

_ --> 



35 

RESULTS AND DISCUSSION 

Plant Opal in Conifer Needles 

Conifers in General 

Table 2 presents plant opal data for the ten conifer species 

which were examined quantitatively. Five other species (p. 27) were 

not included because preliminary inspection showed that they contained 

very low plant opal concentrations. The range in ash content among 

species was approximately from 4 to 9 %. In contrast, plant opal 

content showed a forty -fold range. Needles from Douglas -fir, 

Engelmann spruce, ponderosa pine and western larch contained 

between 2 and 8% plant opal. Lodgepole pine, incense cedar, western 

red cedar, and western hemlock contained less than 1% plant opal and 

lacked significant opal phytoliths. Grand fir was nearly devoid of opal 

phytoliths and the acid insoluble residue of its ashed needles appeared 

to contain more colloidal iron oxide than plant opal. 

Both Sitka spruce and Engelmann spruce contained occasional 

polyhedral opal phytoliths. Plant opal was four to five times more 

plentiful in the latter species than in the former, and was most 

abundant in Engelmann spruce grown on volcanic ash soils. This 

shape of phytolith has also been described by Rovner (1971) from white 

spruce and thus may be distinctive of the genus. Ponderosa pine 



Table 2. Percent ash and plant opal in needles of ten conifer species. 

Species Soil or parent 
material Location Ash % Opala Opal as % 

of ash 

Western Larch Woodburn 
silt loam 

Benton Co. 6. 9 5.2 75 

Western larch Volcanic ash Wheeler Co. 9. 1 7. 9 87 

(Mt.Mazama) 

Engelmann spruce Woodburn 
silt loam 

Benton Co. 9.2 3.8 41 

Engelmann spruce Tolo silt 
loam 

Wheeler Co. 9. 1 5. 0 55 

Ponderosa pine Woodburn 
silt loam 

Benton Co. 3.8 2.2 58 

Ponderosa pine Volcanic ash Wheeler Co. 8. 0 3. 8 47 

(Mt. Mazama) 

Grand fir Volcanic ash Wheeler Co. 8.7 3.413 39 

(Mt. Mazama) 

Sitka spruce Ferrelo loam Coos Co. 4.5 1. 1 24 

Lodgepole pine (basic volcanic 
ash) 

Linn Co. 7. 5 . 25 3. 3 

Lodgepole pine Ferrelo loam Coos Co. 5.2 0.7 13 

(Continued on next page) 

% 



Table 2. (Continued) 

Species 
Soil or parent 

material Location % Ash % Opala Opal as 
of ash 

Western hemlock 

Western red cedar 

Incense cedar 

Douglas -firc 

Woodburn 
silt loam 

Woodburn 
silt loam 

Woodburn 
silt loam 

Benton Co. 

Benton Co. 

Benton Co. 

4.7 

4.0 

5.0 

5.6 

. 75 

.20 

.22 

2.2 

16 

5.0 

4.4 

39 

aAcid insoluble residue 

bNot predominantly opal 

cAverage from Table 3 

% 
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needles sampled on volcanic ash soil also had more plant opal (by 70 %) 

than those from the non -volcanic soils. The proportion of silt -size 

phytoliths to fine, intercellular framework was low in both instances, 

however. Western larch needles displayed the highest plant opal 

concentrations of all conifers studied, but lacked discrete phytoliths. 

The forms which Garber (1966) described as lineated filaments were 

not observed, They may have been artifacts due to partial fusion. 

While Douglas -fir contained only a moderate amount of plant 

opal compared to some of the other conifers examined, the opal 

phytoliths present were the largest, most distinctive and more plenti- 

ful (in many samples) than those from any of the other species. 

Phytoliths in Douglas -fir Needles 

Meaningful interpretation of plant opal concentrations present in 

soil presumes a knowledge of the rate at which a given form 

of phytolith has been accumulating. For example, an attempt to use 

opal phytoliths to estimate the length of time a plant species has 

occupied a particular soil surface requires that one know approxi- 

mately how much plant opal that species adds to that soil each year. 

If these rates of accumulation vary markedly from one soil to another, 

comparisons between contrasting soils may not be feasible, In order 

to assess the magnitude of variation in content of Douglas -fir phyto- 

liths which might be expected in needles from trees growing on 



Table 3. Plant opal, phytolith and ash content of Douglas -fir needles from nine selected locations. 

Soil and 
location 

% Plant 
Ash 

opal 
Plant opal as 

% of ash 

Phytoliths /mm 
of ashed 
needle' 

Average wt/ 
needle 
(mg) 

g of Phytoliths/ 
kg of 

b 
needles 

Phytoliths as 
% ash 

Phytoliths as 
% opal 

Honeygrove clay 7.5 2.2 29 .0 4.0 0 0 0 

Benton Co. 

Honeygrove clay 5.5 1.2 22 .05 3.6 .025 .04 .21 

Benton Co. 

Digger gr. loam 5.0 2.0 40 .01 3.0 .005 .01 .025 

Benton Co. 

Slickrock gr. loam 5.9 2.0 34 .14 3.0 .09 . 15 . 45 

Lincoln Co. 

Netarts s. loam 3.5 1.7 48 .04 3.0 .025 .07 . 15 

Lane Co. 

Salkum si. clay 4.6 1.8 39 . 14 2.6 .1 .22 .55 
Linn Co. 

Woodburn si. loam 5.0 3.6 72 2.5 3.0 1.5 3.0 4. 1 

Benton Co. 

(Alluvial terrace) 5.8 3.6 62 4.5 3.2 2.6 4.5 7.2 

Linn Co. 

(Volcanic ash) 4.5 1.5 33 4.5 5.5 1.7 3.8 11.0 

Wheeler Co. 

Average 5.57 2.18 39 3.4 

a 
Average length of an ashed Douglas -fir needle is taken as 15 mm. 

b 
Assuming average volume of each phytolith is equivalent to 25 x 25 x 100 microns, and specific gravity is 2. 
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different soils, samples of shed needles were obtained from nine 

locations (Table 1, p. 28). 

Weight of acid insoluble residue was used as an estimate of 

silica content in needles. To obtain an estimate of the proportion of 

phytoliths to total silica in Douglas -fir needles, relatively undisturbed 

siliceous remains of ashed Douglas -fir needles were mounted on 

microscope slides (spodograms of Lanning, Ponnaiya and Crumpton, 

1958; Metcalfe, 1960). By counting the number of Douglas -fir phyto- 

liths per unit length in 20 to 30 ashed needles, an approximation of 

relative abundance was derived (Table 3). This approach is subject 

to quantitative limitations, since size of phytoliths and needles 

is apt to be variable. 

Range in total mineral content and opal (acid insoluble residue) 

was only two- and three -fold respectively, and much less if extremes 

were disregarded. Frequency of Douglas -fir phytoliths per unit length 

of needle, however, had a range of several hundred -fold. 

Counted frequency of phytoliths per unit length of needle, the 

measured average weight per needle and an estimate of average 

weight per phytolith, were used to obtain an approximation of phytolith 

production at the sample sites. 

Phytolith frequency in Douglas -fir needles from the Coast Range 

was quite low (average .05, extremes . 0 -. 14 phytoliths per mm of 

ashed needle). This range is consistent with that reported by Garber 

.. 
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(1966, p. 77) for Douglas -fir needles from trees growing on parent 

material other than volcanic ash. 

The highest phytolith frequency among the Coast Range samples 

was obtained from trees growing on soil formed in colluvium from the 

Tyee formation (Slickrock gr. loam). Three of the remaining Coast 

Range needle samples were grown on soils formed from strongly or 

moderately weathered Tyee formation. Since the needles from these 

three locations yielded distinctly lower phytolith frequencies, there is 

a possibility that the higher frequency from the needles grown on the 

Slickrock gravelly loam profile is due to the presence of more readily 

weatherable minerals in that soil, i. e. , a better supply of silica. In 

the absence of mineralogical data, however, resolution of such 

speculation is not possible. 

To obtain some idea of the range in phytolith frequency which 

might be encountered in samples from the Cascade Range, Douglas 

fir needles were collected from a strongly weathered soil, Salkum 

silty clay (Balster and Parsons, 1968), and a slightly weathered 

alluvial terrace (soil series unknown). To insure similar source of 

parent material, both locations are adjacent to the South Santiam 

River, which drains the western slope of the Cascade Range. Since 

the western Cascade Range is composed predominantly of andesitic 

volcanic rocks (Peck et al., 1964), parent material derived therefrom 

could be expected to afford a readily available source of silica. Not 

- 
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surprisingly then, Douglas -fir needles grown on the young alluvial 

soil had both the highest phytolith frequency (4. 5 per mm of ashed 

needle) and plant opal content of the nine samples examined. Needles 

grown on the much more strongly weathered Salkum profile had a 

phytolith frequency (. 14 per mm of ashed needle) and plant opal content 

comparable to the Coast Range soils. Douglas -fir needles collected 

from soils formed of nearly pure volcanic ash (Rai, 1971) in Ochoco 

National Forest had a phytolith frequency equal to those from South 

Santiam River alluvium. Total plant opal content, however, was as 

low as some of the Coast Range samples. 

The following procedure was used to estimate the fraction of 

plant opal in Douglas -fir which occurs as Douglas -fir phytoliths. 

By visual inspection (Figure 1 -C) it appears that the dimensions of an 

average Douglas -fir phytolith can be approximated by a rectangular 

prism measuring 25 x 25 x 100 microns (6.25 x 10 
-8 

cm3). Specific 

gravity of plant opal is approximately 2. 0 (Arimura and Kanno, 1965). 

Using the values measured for Douglas -fir needles from Corvallis 

(3 mg per needle and 2. 5 phytoliths per mm of ashed needle, Table 3) a 

formula was set up as follows: 

Volume of phytolith x Specific gravity x Number of phytoliths 

per needle x number of needles per kg 

6.25 x 10 
-8 

cm3 x 2 g /cm3 x 37 phytoliths per needle 

x 330, 000 needles per kg = 1. 52 g phytoliths per kg needles 
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or .152% phytoliths. 

As a check on the previous method of estimation, a more direct 

approach was utilized. . Ash from the Douglas -fir needles obtained at 

Corvallis was divided into very fine sand, coarse silt and fine silt in 

a manner similar to that employed for the soil samples. The percent- 

age of Douglas -fir phytoliths in each fraction then was determined by 

grain counts. An error of unknown magnitude is introduced at this 

step because the phytoliths are usually solid,whereas the other particles 

consist of a delicate intercellular filigree, and must therefore have a 

lower density. By this procedure 4. 3% of the acid -insoluble residue 

was found to consist of Douglas -fir phytoliths. In conjunction with the 

value from Table 3,we find that only .155% of the needle weight consists 

of phytoliths in this particular sample. 

The close agreement between values resulting from these two 

methods of estimation may be coincidental. Both are probably mini- 

mal estimates, however, since grain counts do not take into considera- 

tion the greater density of phytoliths as compared to other plant opal, 

and the arbitrary dimensions assumed in the former method may not 

make sufficient allowance for protrusions. 

Finely Divided Plant Opal in Douglas -fir Needles 

Less than 1% of the opal in Douglas -fir litter from the Coast 

Range locations occurs in the form of phytoliths. Most of it consists 
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of fine silt and clay -sized intercellular silica, which doubtless 

eventually contributes to the soil's colloidal complex. An approxima- 

tion of the maximum amount of silica involved can be obtained by using 

the litter production figure of 4000 pounds per acre per year given by 

Tarrant et al. (1969). If annual recycling is not considered, this form 

of silica could account for approximately 80 pounds per acre per year, 

or 4% of the surface 12 inches of soil in 1000 years, or 40% in 10, 000 

years. Extrapolation of this sort obviously exaggerates, since much 

of the finely divided silica is undoubtedly subject to recycling by 

vegetation or lost in solution. Acquaye and Tinsley (1965) report that 

solution losses of silica in humid regions commonly exceed 50 pounds 

per acre per year. 

According to data of Franklin (1970), 13 Coast Range soils 

contained an average of 10% amorphous, clay -size, mineral material 

of which 30 to 60% was silica. At the previously mentioned rates of 

accumulation, annual litter fall could thus contribute a, very significant 

portion of this amorphous component. His samples showed a marked 

tendency for soils containing a high proportion of silica in amorphous 

mineral colloids to be those with higher contents of plant opal in the 

coarse silt fraction. This relationship is further support for the 

contention that part of the amorphous silica could have originated as 

plant opal. 
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Plant Opal from Grass Leaves 

The sedge and five grass species included in Table 4 were chosen 

because they are important components of plant communities occupy- 

ing large areas of rangeland in eastern Oregon (Franklin and Dyrness, 

1969). Extremes in soil mineralogy were avoided in selecting the 

plant samples. Plant opal from several locations was inspected 

visually, but quantitative comparisons were not made. The values 

presented are single determinations. 

The most striking feature of Table 4 is the consistently high 

values obtained for opal. Average values reported for silica in 

grasses are close to 3% (Witty and Knox, 1964; Pease, 1967). These 

high values may result in part from the fact that they are determined 

from leaves rather than whole plants, According to work on oats by 

Handreck and Jones (1968), silica content of the whole plant is about 

14% lower than that for leaves. Higher than average values for silica 

in several grasses have been reported by Abiusso (1962) from 

Argentina (4 -6 %), by Parker (1957) from Montana (8%), and by Yoshida 

et al. (1959) in paddy rice from Japan (5 -20 %). Even after allowing 

for the bias due to sampling leaves rather than whole plants, the 

eastern Oregon grasses rank among the highest in silica content. 

The primary purpose for subjecting plant opal samples to five 

minutes in boiling .5 N NaOH was to facilitate examination and 



Table 4. Percent ash and plant opal in leaves of one sedge and five grass species. 

Species 

% of Oven -dried weight % of Opal 
remaining 
after NaOH 
treatment 

Opal as 
% of 
ash Ash 

Opal 
(acid insoluble; 

residue) 

Residue after 
5 min boiling 

NaOH 

Elk sedge 
(Carex geyeri) 8.5 6.3 2.4 39 74 

Pinegrass 
(Calamagrostis rubescens) 23.0 21.0 7.2 34 91 

Idaho fescue 
(Festuca idahoens is) ) 21,0 20.0 7.4 37 95 

Bluebunch wheatgrass 
(Agropyron spicatum) 25.0 23.0 7.2 31 92 

Giant wildrye 
(Elymus cinereus) 20.0 17.0 7.3 42 85 

Squirreltail 
(Sitanion hystrix) 23.0 0 20.0 7. 9 40 87 
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enumeration of phytoliths, by removing most of the clay -size opal 

structures. A secondary result of this differential dissolution was to 

approximate a certain degree of weathering. The values presented for 

amounts of phytoliths remaining after sodium hydroxide treatment thus 

provide an arbitrary estimate of relatively durable opal phytoliths. 

Since the duration of this treatment was selected to avoid visible 

corrosion of the large phytoliths, the estimate is a liberal one. 

Illustrations and Descriptions of Phytoliths 

Nomenclature 

The terminology which has been applied to plant opal is not yet 

standardized. Terms used here have been largely adapted from Baker 

(1959) and Twiss et al. (1969). 

Rod- shaped phytoliths were separated into four groups according 

to irregularity of outline. In order of increasing roughness, these 

are: (1) smooth; (2) rough - projections are slender and about 1/10 

as long as the diameter of the rod; (3) spiny - projections are numer- 

ous, slender, and nearly as long as the diameter of the rod (Figure 

2 -B); (4) wavy - blunt, rounded projections of nearly equal diameter 

and length, which are almost as long as the diameter of the rod 

(Figure 3 -D). 

Hookbases were divided into large (> 35 µlong) and small 

(< 35 p. long) categories. These forms cause the serrated leaf- margins 
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which characterize many grasses and sedges. The terms previously 

applied to these bodies, hooks (Baker, 1960) and prickle cells 

(Metcalfe, 1960), are most descriptive of the conical barb which 

protrudes from the leaf- margin, as a saw -tooth (Figure 3 -F). This 

portion was not commonly encountered in soils of this study. The 

bulbous, basal portion of these opal bodies was much more frequently 

observed (Figure 3 -E). Since many of these forms do not retain 

their conical barb in soils, the term "hook" was considered a mis- 

leading appellation. "Hookbase" was selected as a more accurate, 

although less euphonies; designation. 

Hairs ( "trichomes" of Metcalfe, 1960) include all slender, 

conical forms, both hollow and solid, with or without a swollen base. 

Phytolith descriptions were made for plant species of wide 

extent, which preliminary examination revealed to offer abundant 

plant opal and recognizable phytolith shapes. Only predominant forms 

from each species were described. Descriptions of phytoliths were 

made from the same reference slides used to determine phytolith 

assemblages. A petrographic microscope was employed, using 

transmitted light, commonly at magnifications of 100 to 150 times. 

The fine silt fractions, and occasional details, were examined at a 

magnification of 600 times. The illustrations are intended to augment 

the written descriptions, 
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Phytoliths from Conifer Needles 

Douglas -fir (Pseudotsuga menziesii) 

Amoeboid bodies (silicified asterosclereids of Brydon et al., 

1963) lacking symmetry, 20 -80 µ wide and 40 -120 µ long. Tapering, 

conical protrusions may account for 50% of either dimension. Many of 

these protrusions may have been broken off of the specimens obtained 

from soils. Smokey brown to clear in transmitted light, white to 

transparent in reflected light. Surface texture varies from smooth to 

frosted or etched (Figure 2- C and D). 

Smooth rods: cylindrical rods, 10 -20 µ in diameter and 50 -400 

µ.long. Color as above but more commonly clear. If asterosclereids 

are very rare or absent, the rods may be the only silt -size forms 

present, although they never constitute a large part of the plant opal. 

They could easily be mistaken for rod -shaped grass opal. 

Engelmann spruce (Picea engelmannii) 

Irregular polyhedrons: 20 -50 µ in diameter. Cubic and tabular 

shapes occur but do not predominate. Surfaces which are slightly 

concave in one direction are quite common (Figure 2 -E). Similar 

forms have been described from white spruce (Picea glauca) by 

Rovner (1971). 



Figure 2. Plant opal and phytoliths from conifer needles. 

A. Rough rods (1), spiney rods (2), and spiney elliptical 
blobs (3) from ponderosa pine. Note the similarity 
to rod - shaped phytoliths from grass species (Figures 
3 -C and 4 -D), 

B. Spiney, elliptical blob with spiney rod attached; 
ponderosa pine. This form may be diagnostic for 
ponderosa pine, but was not recognized in the soils 
being studied. 

C. Asterosclereids from Douglas -fir needles. Inter- 
cellular opaline framework is also visible. 

D. Douglas -fir asterosclereid, the appearance of symmetry 
is only apparent. 

E. Irregular polyhedrons from Engelmann spruce. 
This form may be diagnostic for the species, but it 
was not observed in the soils being studied. 

F. Intercellular framework from western larch. Most 
components are less than 2 µ thick. Plant opal in 

conifer needles is predominantly composed of delicate 
structures of this sort, which are probably ephemeral 
in soils. 
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Ponderosa pine (Pinus ponderosa) 

Spiney rods: 5-10 µ in diameter, 100 -200 µ long, with numerous 

processes 1 -2 µ in diameter by 3 -5 µ.long (Figure 2 -A). 

Rough rods: 10-14 µ in diameter, 90 -150 µ long. Diameter of 

a given rod may be variable. 

Spiney, elliptical blobs: 10-15 µ maximum in diameter and 20- 

40 p. long with numerous processes, 1 -2 p. in diameter and 3 -5 µ long. 

Processes may be forked and sufficiently plentiful that they obscure 

the shape of the particle which they cover. These particles may 

occur as part of a spiney rod (Figure 2 -B), 

Western larch (Larix occidentalis) 

Delicate opal framework outlines much of the cellular struc- 

ture of the needle (Figure 2 -F). Average thickness of the opal is 1 µ 

or less. No significantly larger forms were observed. Globular 

shapes noted by Garber (1966) may have resulted from partial fusion 

during combustion of the needles. 

Phytoliths from Leaves of Grass 

Giant wildrye (Elymus cinereus) 

Smooth rods: 10-15 p. in diameter and 90 -400 p. long,predominate 

(Figure 3 -E2). 



Figure 3. Opal phytoliths from four grasses. 

A. A rough rod from Idaho fescue. 

B. Rough rods from Idaho fescue after 15 minutes in 

boiling .5'N NaOH. 

C. Wavy (1), rough (2), and smooth (3) rods from 
bluebunch wheatgrass. 

D. Wavy rod from bluebunch wheatgrass. 

E. Rough rods (1), smooth rods (2) and hookbases (3) 

from giant wildrye. 

F. Hookbases from pinegrass, still attached to 
silicified epidermis, The clear outer coating is 
usually absent from specimens found in soil. Note 
that these are smooth compared with those shown 
in Figure 3 -E. 
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Figure 4. Opal phytoliths from two grass and one sedge species. 

A. Rough rods (1) and toothed platelets (lateral view) 

(2) from elk sedge. 

B. Hookbases (1), rough rods (2) and toothed platelets 
(3) from elk sedge, still attached to silicified 
epidermis. 

C. Smooth (1), rough (2) and wavy (3) rods as well as 
hairs (4) from squirreltail. Note the resemblance 
to Figure 2 -C. 

D. Rough rods (1) and hairs (2) from Idaho fescue. 
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Rough rods: 10 -20 µ in diameter and 100 -180 µ long,are less 

abundant (Figure 3-E1). Slightly swollen ends are common. 

Hookbases; small: 15 -20 µ wide by 20 -30 p. long, sub - 

spheroidal, smokey translucent with 10-15 small processes 1 -2 p. pro- 

truding from the surface at right angles. If the core of the hook is 

present and visible, these bodies resemble bloated tear drops. 

Hookbases, large: 40 -80 p. long, 16 -24 p. wide (Figure 3 -E3), 

oval or cigar -shaped in outline, smokey translucent with small 

processes as described above. On a small percentage, the hook core 

projects from one end as a fin on a rocket. 

Pinegrass (Calamagrostis rubescens) 

Smooth rods: 5-14 p in diameter and 90-350 µ long, are the most 

common single shape. 

Rough rods: 10 -15 p. in diameter and 90 -350 µ long are less 

common. They are also only slightly rough and may therefore 

weather to become smooth, 

Hookbases, small: 10 -20 µ in diameter, sub -spheroidal, and 

smooth,with 6 -12 stubby protrusions, 1 -2 p. long. When visible, the 

conical portion is approximately equal in length to the diameter of the 

base. 

Hookbases, large: 40 -100 µ long and 12 -25 p. wide, elongate 

oval when viewed in proximal aspect, height of the hook or barb is 
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approximately 2 /3 the length; smooth, but may have 6 to 12 short 

protrusions on ventral surface (Figure 3 -E). 

Hairs: smooth, tapered, 20 -70 p. long and 6 -10 p. in diameter 

at the thick end, attached to a mallet- shaped base approximately 10 p. 

in diameter by 20 p. long. 

Idaho fescue (Festuca idahoensis) 

Rough rods: 10 -20 p. in diameter and 100 -350 p. long are pre- 

dominant (Figures 3 -A and 4 -D 1). 

Smooth rods: 6-14 µ diameter and 150-40Q p. long. 

Hairs: length overall 40 -60 µ, diameter of base 8 -12 µ, length 

of base 12 -20 p.. If the slender, terminal portion has not been broken 

off these bear a resemblance to a golf club (Figure 4 -D2). 

Bluebunch wheatgrass (Agropyron spicatum) 

Rough rods: 8 -16 p. in diameter and 50 -300 p. long (Figure 3 -C2). 

Smooth rods: 8-18 p. in diameter and 100 -400 p. long (Figure 

3 -C3). 

Wavy rods: 15-25 p. in diameter, 60-150 p. long, protuberances 

are rounded, 4 -6 p. high and 6 -10 p. wide (Figure 3 -C1, D1). 

Hairs: smooth, tapered 30 -60 p. long, with a mallet- shaped 

base about 10 p. in diameter and 16 -20 p. long. 



Figure 5. Phytoliths from four Oregon soils. 

A. Rough (1) and smooth (2) rods from the A horizon 
of Wallowa silt loam. 

B. Rough (1), smooth (2), and wavy (3) rods from the 
Ap horizon of the Gilliam Co. Condon silt loam 
profile. 

C. Smooth rods (1) and hookbases (2) from the B21 
horizon of Tolo silt loam. 

D. Douglas -fir phytolith from a Bohannon gravelly 
loam profile. Note that most processes are 
broken, in contrast to those shown in Figure 3 -C. 
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Needle and thread (Stipa comata) 

Smooth rods: 4 -10 µ in diameter and 80 -240 µ.long. 

Hookbases: 20 -45 µ long and 18 -30 µ in diameter. Shape ranges 

from spheroidal through peanut -shaped to subrounded polyhedral. 

Four or five small processes, l -2 µ in diameter and 2 -4 p long,may 

protrude from the proximal side (uncoated). Clear opal, with slightly 

lower index of refraction, may form a coating 3 - 6 µ thick over 

approximately 70% of the surface. In some instances this coating 

produces a conical point even though the core is nearly spherical. 

Saltgrass (Distichlis stricta) 

Hookbases: overall length 60 - 100 p of which the conical, 

terminal portion makes up about half. Diameter at the widest point 

is 20 - 30 µ. The basal portion somewhat resembles a laterally 

compressed cylinder. The core is slightly cloudy and the clear outer 

layer coats only the conical portion. 

Club- shaped rods: 40 - 60 µ long, 14 - 18 µ in diameter at the 

larger end and 10 - 14 µ in diameter at the smaller end. A few 

conical protrusions usually occur toward the smaller end. 

Elk sedge (Carex geyeri) 

Rough rods: 16 -28 µ in diameter and 40-120 µ long, with 

common, conical processes 2 -4 µ long (Figure 4 -Al, B2). 
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Hookbases: 20 -30 µ in diameter and 70 -100 µ long, the conical 

portion of the point protrudes 15 -20 µ beyond the base itself (Figure 

4 -B1). 

Toothed platelets: 40 -60 µ long and 8 -12 µ wide, with evenly 

spaced conical protrusions on one face, which are approximately 5 -8 

µ high and 8 -10 µ in basal diameter (Figure 4 -A2, B3). Similar 

forms have been described (Raeside, 1970) from three New Zealand 

sedges. 

Phytolith Assemblages from Grass Leaves 

Phytolith forms which are unique to a species, as in Douglas -fir, 

are rare or non -existent in the grasses. Frequency distribution of the 

principal phytolith forms in the 20 -50 µ fraction was used to facilitate 

assignment of phytoliths found in soils to their species of origin. The 

phytolith shapes and their respective frequency distributions will be 

designated as a phytolith assemblage. Success of this approach 

depends upon the degree to which phytolith assemblages from soils 

can be matched with those already determined for plant species. 

Plant communities in which one or two species of phytolith- producing 

plants predominate are more amenable to this type of interpretation 

than those in which many species supply significant amounts of phyto- 

liths. Fortunately, several of the widespread grassland communities 

in Oregon are dominated by one or two species (Franklin and Dyrness, 



Table 5. Phytolith assemblages in the .10-,50 µ fraction of plant opal from leaves of one sedge and six 
grasses. 

Species 
Phytolith form as % of phytoliths counted 

Rods Hookbases Hairs 
rough smooth wavy total large small total 

Giant wildrye 
(Elymus cinereus) 25 50 75 11 14 25 

Bluebunch wheatgrass 
(Agropyron spicatum) 33 20 27 80 12 12 8 

Idaho fescue 
(Festuca idahoensis) 60 23 83 17 

Pinegrass 
(Calamagrostis rubescens) 12 35 47 15 30 45 8 

Squirreltail 
(Sytanion hystrix) 36 26 10 72 28 

Needle- and - thread 
(Stipa cornata) 8 52 60 40 40 

Elk sedge 
(Carex geyeri) 95 95 5 5 
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1969). These relatively simple communities were sought in selecting 

soils for the present study. 

It is readily apparent from Table 5 that rod - shaped phytoliths 

are the predominant form in most of the grasses examined. In only 

two species do they constitute less than 70% of the coarse silt -sized 

phytoliths. If hairs are discounted as being too fragile to endure, the 

relative importance of rods increases even more. Unfortunately, rod - 

shaped phytoliths from a great many grass species tend to be quite 

similar in appearance. Consequently, Twiss et al. (1969) did not use 

them to separate sub - families of grasses. 

Because rods are the most numerous of the relatively persistent 

phytolith forms found in soils, an attempt was made here to utilize 

both percent of rods relative to other phytoliths and relative abundance 

of rods with smooth, rough and wavy margins, respectively, in 

characterizing phytolith assemblages (Figure 3 -C). 

Rods having wavy margins are quite distinctive (Figure 3 -D) and 

appear to be capable of maintaining their characteristic outlines even 

after undergoing considerable attrition. The distinction between 

rough and smooth rods, however, is rather a matter of degree. It 

seems quite probable that the protuberances of some rough rods could 

be dissolved or abraded away in soils, thus rendering them indis- 

tinguishable from rods which were originally smooth. 

There is a possibility that size of rods, especially diameter, 
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may help to separate phytoliths of some species. Elk sedge was the 

only example included here which seemed to offer this opportunity. 

Since rough rods from elk sedge were not recognized in any of the 

soils examined, the utility of such a size distinction remains in 

question. 

Hookbases, "hooks" of Baker (1960) or "prickle cells" of 

Metcalfe (1960), are another phytolith form not utilized by Twiss et 

al. (1969). These forms occur in some, but not all, of the grasses 

dealt with here, and are large enough to guarantee reasonable per- 

manence. Due to their occarina -like shape, however, identification 

may be uncertain, since orientation influences appearance. Small 

variations in percent of hookbases present in soils are not neces- 

sarily significant , unless substantiated by other means. Differences 

in size, shape or ornamentation of hookbases may also prove distinc- 

tive; e. g. , giant wildrye (Figure 3 -E) versus elk sedge (Figure 4 -B). 

The only such separation attempted here is one of size, i. e., large 

( > 35 µ long) versus small ( < 35 J. long). 

Hookbases observed in soils consist of the translucent, inner 

portion (Figure 5 -C). Those isolated from several grasses have a 

clear outer sheath as well (Figures 3 -F and 4 -B). According to Baker 

(1960), the clear opal contains more water than the inner, cloudier 

portion. Perhaps higher water content greatly increases solubility. 

Hairs (trichomes of Metcalfe, 1960) have been included because 
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they were a conspicuous part of phytolith assemblages isolated from 

several grasses (Figure 4 -D). However, most of the phytolith 

assemblages obtained from soils did not contain a very important 

percentage of hairs. This discrepancy probably results from their 

having the smallest diameter of phytoliths included in this study. 

They are doubtless under -represented in the coarse silt fraction. 

The thin, tapered shape is less apt to endure than more compact 

forms. An additional complication is that much of their longest 

dimension (terminal portion) consists of clear opal, analogous to the 

outer sheath of hookbases. The somewhat cloudy, basal portion of 

the hairs is more commonly encountered in soils than the tapered tip. 

Phytolith Curves and Assemblages of Soils 
from Several Regions in Oregon 

The following phytolith curves and phytolith assemblages from 

soils are intended primarily as examples illustrating some of the 

potentialities and limitations inherent in the use of phytolith data. 

Definitive conclusions regarding these soils would obviously require 

more extensive sampling. In selecting the soils to be studied, three 

main factors were given consideration: presence of plant opal in 

sufficient quantity to facilitate examination, geographic extent, and 

availability of characterization data. 

Douglas -fir produces the most distinctive and plentiful phyto- 

liths of the conifers investigated, and is one of the most widespread 



Table 6. Summarized information for soils studied in western Oregon. 

Aspect and Precipitation Elevation Figure 5 
Soil Location Vegetation 

slope (inched (feet) designation 

Blachly 
clay loam 

Lincoln Co. 
SE1 /4, SE1 /4, Sec. S 

Douglas -fir, 
salmonberry 

SW, 8% 9S 650 1 

T14 S., MOW. 

Bohannon 
gr. loam 

Lincoln Co. 
SE1 /4, SE1 /4, Sec. 5 

Douglas -fir, 
salmonberry 

W, 40% 95 650 1 

T14S., RIOW. 

Blachly 
clay loam 

Lane Co. 
SW1 /4, NW1 /4, Sec. 22 

Douglas -fir SE, 15% 100 1650 2 

T15S., R8W 

Bohannon 
gr. loam 

Lane Co. 
SWI /4, NW1 /4, Sec. 22 

Douglas -fir S, 20% 100 1650 2 

T15S. , R8W. 

Honeygrove 
clay 

Benton Co. 
SE1 /4, SW1 /4, Sec. 5 

Bracken fern, 
salai 

NE, 18% 75 850 3 

T14S. , R7W. 

Digger gr. 

loam 
Benton Co. 
SW1/4, SW1/4, Sec. 5 

Douglas -fir S, 55% 75 900 3 

T14S., R7W. 

(Continued on next page) 



Table 6. (Continued) 

Soil Location Vegetation Aspect and 

slope 
Precipitation 

(inches) 
Elevation 

(feet) 
Figure 5 

designation 

McKenzie River Lane Co. Douglas -fir S 94 2100 5 
SW1 /4, NE1 /4, Sec. 28 

T15S., R5E. 

Budworrn Lane Co. Douglas -fir S 94 2400 5 

NE1 /4, NE1 /4, Sec. 22 

T15S., RSE. 

Slipout Lane Co. Douglas -fir S 94 2400 5 

SE1 /4, SE1 /4, Sec. 21 

T15S., R5E. 

Buff tuff Lane Co. Douglas -fir NW 94 2500 4 
SE1 /4, SE1 /4, Sec. 30 
T 17S. , R3E. 
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species. Therefore, the soils studied from western Oregon were 

chosen to represent portions of the Western Cascade and Coast 

ranges , where that species has been an important element of the 

vegetation. The relatively high plant opal content of grasses suggests 

that soils developed under grass are likely to be strongly influenced 

by phytoliths. Most of the soils studied from eastern Oregon were 

chosen because grass was the predominant vegetation. 

Six Soil Profiles from the Coast Range 

Douglas -fir phytolith content of Coast Range soils was 

investigated at six locations (Figure 1, p. 32; Table 6). Parent 

material at all sites was the Tyee formation, a mineralogically 

uniform sandstone which predominates in 2.5 million acres of 

Oregon's Coast Range (Lovell, 1969). Soils were paired to represent 

a moderately and strongly weathered profile from each of three some- 

what different areas (Rojanasoonthon, 1963). Average annual precipi- 

tation at the sample site ranges from approximately 80 inches to some- 

what over 100 inches. Although all six soils examined were low in 

Douglas -fir phytoliths, they can be divided into three groups on the 

basis of Douglas -fir phytolith content and geographic setting. 

Both the Lincoln County samples (eight miles inland, with 100 

inches of precipitation) contained 50 pounds per acre of Douglas -fir 

phytoliths and showed little or no agreement between the phytolith and 
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organic matter curves. The Benton County samples (28 miles inland 

and receiving 70 -80 inches of precipitation) contained 200 and 400 

pounds per acre of Douglas -fir phytoliths. Douglas -fir phytolith 

content was higher for the moderately weathered Digger profile and 

its phytolith curve was similar to that for organic matter. The pair 

of samples from Lane County, which receive more than 100 inches of 

precipitation, contained approximately 1000 and 3600 pounds per acre, 

respectively, of Douglas -fir phytoliths. Again, the moderately 

weathered (Bohannon) soil contained more phytoliths and showed a 

closer parallel between organic matter and Douglas -fir phytolith 

curves than the strongly weathered (Blachly) soil. Perhaps the 

simplest interpretation is that these divergent values for Douglas -fir 

phytoliths reflect the relative importance of Douglas -fir litter as a 

contributor to soil organic matter at each of these sites. 

Since the Lincoln County sites are located approximately at the 

boundary between Franklin and Dyrness' (1969, p. 38) Picea sitchensis 

and Tsuga heterophylla zones, there is reason to expect that Douglas - 

fir has not been as important a forest component at this site as at the 

other four locations. Both of the remaining moderately weathered 

soils (Digger and Lane Co. Bohannon profiles) were sampled on south 

slopes (Table 6). According to Franklin and Dyrness (1969, p. 64), 

Douglas -fir may be the climax species on drier sites in the Coast 

Range, Thus, these two soils may contain more Douglas -fir opal than 
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Table 7. Douglas -fir phytoliths in six Coast Range soil profiles. 

Soil 
series Horizon Depth 

(cm) 

To Douglas -fir 
phytoliths 

very fine mineral 
sand soil 

Approximate 
lbs /acre of 
phytolithsa 

Honeygrove 
clay, , 

Benton Co. 

Digger 
gr. loam, 

Benton Co. 

Blachly 
clay, 

Lane Co. 

Bohannon 
gr. loam, 

Lane Co. 

Blachly 
clay, 

Lincoln Co. 

Bohannon 
gr. Loam, 

Lincoln Co. 

All 
Al2 
A13 

Al 
A3 
B2 

Al 
B11 
B12 

A 
A3 
B2 
B3 

Al 
A3 

All 
Al2 

0 -13 
13-25 
25 -41 

0 -15 
15L35 
35 -63 

0 -25 
25 -51 
51 -79 

0-10 
10-28 
28 -43 
43 -61 

0 -15 
15-30 

0 -18 
18-40 

.20 
. 15 

.05 

. 16 

.08 

.04 

.60 

.40 

.05 

1.0 
.66 
.20 
. 10 

.06 

.05 

. 02 5 

.00 

.01 

.007 

.002 

.016 

.009 

.005 

.03 
.02 
.002 

.13 

.08 

.05 

.012 

.003 

.0025 

.0035 

.0 

200 

400 

1000 

3600 

60 

40 

aIn calculating pounds per acre, a bulk density of 1 is assumed for the 
Digger and Lane County Bohannon profiles, and .8 is used for the 
other soils. 
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their strongly weathered associates (Honeygrove and Blachly profiles, 

respectively) because Douglas -fir has been the predominant vegetation 

on them for a greater percentage of the time. 

The large difference between Douglas -fir phytolith content of the 

pair of soils from Benton County, under lower rainfall (Digger and 

Honeygrove), as opposed to the pair in Lane County (Bohannon and 

Blachly) is not so readily explained. Growth of Douglas -fir may be 

somewhat more vigorous under conditions of greater rainfall, but not 

sufficiently so to account for the five- or ten -fold difference in 

phytolith content. Vegetation at the Honeygrove site was bracken -fern 

and salal, however, as opposed to the predominantly Douglas -fir 

forest described at the other sites (Appendix II), which suggests 

again that differences in Douglas -fir phytolith content of these soils 

may be explained by differences in vegetation history. 

Assuming similar growth rates for Douglas -fir at these six 

sample locations, and uniform phytolith content of the needles pro- 

duced, the six soils represent nearly a 90 -fold range in the length of 

time during which Douglas -fir has been the chief source of organic 

matter. 

Attempts to estimate the minimum time necessary to accumu- 

late the phytoliths present in these soils are complicated by the range 

in values obtained for phytolith content of Douglas -fir needles. 

Variation between different soils in amount of needles produced (site 



Honeygrove clay Blachly clay loam, Lane Co. Blachly clay loam, Lincoln Co. 

Digger gravelly loam Bohannon gravelly loam, Lane Co. Bohannon gravelly loam, Lincoln Co. 

.02 .04 .06 .08 . 10 . 12 .01 01 % Douglas -fir phytoliths 

To O. M. 

Figure 6. Percent Douglas -fir phytoliths ( + +) and organic matter (ìo -o) in six soil profiles from the Coast Range, Benton, Lane and Lincoln 

Counties, Oregon. 
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index) could also have a bearing on this problem, especially if the 

two sources of variation reinforced each other. 

Insufficient samples were obtained to allow reliable determina- 

tion of phytolith frequencies associated with a given soil. However, 

the spread in phytolith frequencies obtained from needles grown on 

Coast Range soils (Table 3, p. 39) is large enough to account for 

more than half of the range in phytolith contents observed in soils 

from the Coast Range. The length of time during which Douglas -fir 

has been the dominant vegetation may, therefore, be only one of 

several factors contributing to variation in soil phytolith content. 

Another possible source of variation in phytolith content of 

Douglas -fir needles may relate to iron and aluminum levels in the 

soils on which they were grown. According to Beckwith and Reeve 

(1963) and Jones and Handreck (1965), relatively small amounts of 

iron and especially aluminum oxides reduced silica in solution to a 

fraction of original levels. Some Coast Range soils are relatively 

rich in both iron and aluminum (Franklin, 1970), and might therefore 

be expected to supply only small amounts of silica to solution. Since 

iron and aluminum data are lacking for the soils in question, correla- 

tion with respect to phytolith content in Douglas -fir needles is not 

presently possible. 

Relative age of the soils does not help to account directly for 

differences in Douglas -fir phytolith content because both the Digger 
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and Lane Co. Bohannon profiles contain quite a bit more phytoliths 

than the much older Honeygrove and Blachly profiles with which they 

are respectively associated. Slopes of the organic matter curves 

(Figure 6) for the Honeygrove, Bohannon, and Blachly profiles fall 

within a few degrees of one another, for the upper three horizons. 

A common equilibrium appears to have been reached in these soils 

between organic matter accumulation and its incorporation into 

subjacent horizons. 

Phytolith Accumulation Rate. An average phytolith content for 

the Coast Range Douglas -fir needle samples (Table 3, p. 39) is 

approximately . 01 g per kg, or 1 part per 100, 000. Maximum rate 

of litter production (Tarrant et al. , 1969) approaches 4000 pounds per 

acre per year. Using these values, accumulation of the phytolith 

quantities measured in the Bohannon profiles from Lincoln and Lane 

counties would require 1000 and 90, 000 years, respectively. The 

latter value seems excessively high for a soil which lacks attributes 

of great age (Rojanasoonthon, 1963). If we assume needles with a 

phytolith content comparable to those grown on Slickrock gravelly 

loam, which is also formed from Tyee sandstone (Table 3, p. 39), 

10, 000 years would be sufficient to account for the accumulation in 

the Lane Co. Bohannon profile. At the latter rate, however, only 

about 100 years would be required to deposit the phytoliths present in 

the Lincoln Co. Bohannon profile. Such a period seems unreasonably 
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brief. Another possible explanation is to assume that the lower phyto- 

lith frequencies have prevailed in needles grown on the Lincoln Co. 

site and the higher values at the Lane Co. location. According to 

this assumption, the period required for phytolith accumulation would 

have been 1000 and 10, 000 years, respectively, at the Lincoln and 

Lane Co. sites. One could thus infer that Douglas -fir has been only 

1 /10 as prevalent at the Lincoln Co. site as it has at the Lane Co. 

location. 

Pollen profiles from four peat bogs on the Oregon coast which 

were investigated by Hansen (1947, p. 96, 97) contained an average of 

approximately 5% Douglas -fir pollen. Pollen profiles from peat bogs 

in the Willamette Valley and surrounding foothills, however, averaged 

50% or more Douglas -fir pollen. A quantitative parallel is not 

intended here between opal phytolith and pollen data. However, the 

pollen diagrams do at least confirm the relatively small role which 

Douglas -fir has played in forests adjacent to the coast of Oregon. 

Four Soils from the Western Cascade Range 

Four soils from the Western Cascade Range, studied by Paeth 

(1970) afford some basis for comparison with the profiles previously 

discussed. Precipitation is quite similar (94 inches) to that of the 

Coast Range soils, but elevation is greater (2100 to 2500 feet), 

Parent material is primarily volcanic tuffs and breccias of the 
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Sardine Formation and Little Butte Volcanic series (Peck et al., 

1969) with minor additions of more recent surficial volcanic ash, 

Distribution of Douglas -fir phytoliths was limited to the upper 

30 cm in three profiles (Figure 7), although organic matter occurred 

to a depth of nearly 2 m in all profiles. In comparison, only the two 

Coast Range profiles with the lowest phytolith concentrations had 

comparably shallow phytolith distributions (Figure 6, p. 69). The 

profile with the most phytoliths had very similar organic matter and 

phytolith curves. Detailed shape characteristics of the three shallower 

phytolith curves are unknown because a single determination was made 

for each horizon. At least two of these curves are roughly parallel to 

the upper portion of the corresponding organic matter profiles. 

Sampling at uniform, arbitrary depth intervals would be more con- 

ducive to accurate delineation of phytolith curves. 

Judging from the relative amounts of Douglas-fir phytoliths 

present, Douglas -fir has been more important on the McKenzie River 

soil than at the other three sites. Shape of the phytolith curve also 

indicates that vertical mixing has been more vigorous in the former 

profile. In contrast, the Buff tuff profile had both the smallest 

quantity of Douglas -fir phytoliths and the shallowest phytolith distribu- 

tion, suggesting that Douglas -fir has been less important at that site 

than at any of the other three. 

Quantity and distribution of Douglas -fir phytoliths were similar 
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in the Slipout and Budworm profiles and intermediate between the 

previously mentioned extremes. The Buff tuff profilewith the lowest 

concentration of phytoliths, occurred at the highest elevation and on a 

north aspect. The profile with the most phytoliths (McKenzie River) 

occurred at the lowest elevation and on a south exposure. Profiles 

with intermediate phytolith accumulations were close to the higher 

elevation, but on south exposures. The gradual decrease in dominance 

of Douglas -fir with increasing moisture availability, which these data 

imply, is consistent with Franklin and Dyrness'(1969) description of 

forest composition in the Tsuga heterophylla zone of the Western 

Cascade Range. 

Absolute quantities of Douglas -fir phytoliths present in these 

four soils cannot readily be compared with those from the Coast 

Range profiles because the proportion of the 40 to 50 µ fraction is 

unknown. By assuming that the value for percent Douglas -fir phyto- 

liths obtained applies to approximately a 10% fraction of these profiles, 

a somewhat arbitrary estimate of phytolith weight per unit area can 

be made. By further assuming a bulk density of 1. 0, estimates of 

900, 3700, 4200, and 6300 pounds of phytoliths per acre are obtained 

for the Buff tuff, Slipout, Budworm and McKenzie River profiles, 

respectively. 

Although these values have an average approximately four times 

greater than that for the Coast Range profiles examined, they do not 
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necessarily indicate a longer period of Douglas -fir dominance. 

Phytolith content of needles from Cascade Range sites (Tables 1, p. 28 

and 3, p. 39)indicates the possibility that phytolith production per acre 

could be much greater there than on the Coast Range soils. 

Three Soil Profiles from the Columbia Plateau 

Walla Walla silt loam, Sherman Co. Walla Walla silt loam 

occupies over 300, 000 acres (Dyksterhuis et al., 1969; Norgren and 

Simonson, 1969) of productive Columbia Basin wheat land in Oregon. 

This soil series was studied because it has formed from relatively 

deep loess (Mayers, 1964), which presumably accumulated rapidly. 

In contrast, the Condon series (p. 84) has developed in loess approxi- 

mately 1 m thick, which implies a less rapid rate of loess accumula- 

tion. 

A high concentration of phytoliths relative to organic matter in 

the A horizons of the Walla Walla profile (Figure 8) indicates a long 

period of soil stability. Low and rather uniform phytolith concentra- 

tion in the deeper horizons implies that silt accumulation occurred 

more rapidly than soil formation (phytolith production) during the 

period in which that portion of the deposit came into being. The slight 

increase in phytolith concentration in the deepest horizon sampled 

suggests that a temporary A horizon existed at this stage of loess 

deposition. Additional samples from greater depths would be required 



Table 8. Summarized information for soils studied in eastern Oregon. 

Soil Location Vegetation 

Walla Walla Sherman Co. bluebunch wheatgrass, 

silt loam SE1 /4, SW1/4, Sec. 25, Idaho fescue 
T1N., R16E. 

Condon Wasco Co. bluebunch wheatgrass, 
silt loam SW1 /4, SW1 /4, Sec. 6, Idaho fescue 

T7S., R17E. 

Condon Gilliam Co. bluebunch wheatgrass, 
silt loam SW1/4, NW1/4, Sec. 9, Idaho fescue 

T4S., R21E. 

Tolo silt Union Co. ponderosa pine, 
loam SW1/4, SW1 /4, Sec. 3, Douglas -fir, larch, 

T2N. , R40E. grass and shrubs 

Wallowa Co. Idaho fescue, 
NW1 /4, SE1 /4, Sec. 10, bluebunch wheatgrass 
T 1N. , R43E. 

Wallowa Co. Idaho fescue 
NW1/4, SW1/4, Sec. 19, 

TIN. , R44E. 

Union Co. giant wildrye, 

Wallowa 
silt loam 

Hurwal silt 
loam 

LaGrande 
silt loam 

Unit 82 

NW1 /4, NW1 /4, Sec. 10, other grasses, sedges 
T3S., R38E. 

Malheur Co. 
SE1 /4, NW1 /4, Sec. 10, 

T25S., R39E. 

Idaho fescue, 
bluebunch wheatgrass, 
big sagebrush 

Aspect and 
slope 

Precipitation 
(inches) 

Elevation 
(feet) 

Figure 5 

designation 

NNE, 8% 12 2000 6 

Level 12 3380 7 

S, 4% 12 2850 8 

NE, 16% 24 3260 9 

W, 4% 17 3950 10 

N, 20% 17 3740 10 

Level 20 2750 11 

ENE, 25% 11 5100 12 

. 

- 
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to establish the presence and nature of additional incipient A 

horizons. 

Using values from Table 9, a rough estimate can be made of 

the time required to accumulate the opal phytoliths present in the 

Walla Walla profile. Approximately 400, 000 pounds of phytoliths per 

acre are present above a depth of 61 cm (24 inches). Walla Walla 

soils are capable of producing as much as 1500 pounds of native grass 

per acre per year (Mayers, 1964). Based on this yield and the 

phytolith percentages from Table 4 (p. 46), about 100 pounds per acre 

of phytoliths can be added every year. The phytoliths presently in the 

upper profile could have accumulated in as little as 4000 years, if we 

assume complete stability. A more realistic assumption might be 

that about half of the annual phytolith increment is lost to erosion and 

solution, or is reassimilated by successive generations of grass. At 

that rate, 8000 years would have been required to build up the current 

concentration. 

Application of the same rate of accumulation to the four lower 

horizons, with a phytolith content of about 130, 000 pounds per acre, 

shows that only 2600 years would have been necessary to account for 

this quantity of phytoliths. By implication then, the 120 cm thickness 

of silt which these phytoliths occupy could have accumulated in a 

similar period. A loess deposition rate of approximately . 5 mm per 

year could thus be inferred. Total depth of loess at the sample site 



Table 9. Opal phytoliths in eight eastern Oregon soils, expressed as % of mineral soil and in 

lb /acre. 

Soil and 
sample no. 

Horizon Depth 
(cm) 

% Phytoliths by 
size fraction Lbs. phytoliths / 

acre coarse medium 
silt silt 

(40 -50 µ) (20 -40 µ) 

fine 
silt 

(5 -20 

Total 

µ) 

Walla Walla Alp 0 -18 .2 4.6 3,4 8.2 
silt loam Al2 18 -43 . 3 3.4 3.4 7. 1 390,000 

B21 43 -63 0 1.0 2.0 3.0 
S57 -28 -5 B22 63 -86 0 .2 .5 .7 

C1 86 -127 0 . 3 3 6 130,000 
C2 127 -168 0 .5 .4 .9 
C3 168 -193 .4 .7 1.1 

Condon A 0-18 . 2 3.6 3.2 7.0 
silt loam Bp 18 -35 . 3 1.6 1.2 3. 1 230,000 
S57 -11 -1 B2 35 -51 .2 1.3 1.2 2.7 
(Gilliam Co.) B3 51 -79 . 1 .23 .8 1. 1 

Condon Al 0-10 . 7 5.7 4.2 10.6 
silt Loam B21 10 -20 .7 4.0 6. 9 11. 6 

S57 -33- 12 B22 20 -35 . 4 2.0 3.6 6. 0 460, 000 
(Wasco Co.) B3 35 -48 . 15 . 96 1.7 2. 

C 48 -53 .08 .73 1.2 

Unit 82 Al 0 -15 1.0 3.7 6. 1 9.9 
B1 15 -35 . 10 1.4 6.5 8.0 340, 000 
B2 35 -51 .03 .23 3.8 4.0 

(Continued on next page) 



Table 9. (Continued) 

Soil and 
sample no. 

Horizon Depth 
(cm) 

% Phytoliths by 
size fraction 

Total Lbs. phytoliths / 
acre coarse 

silt 
(40 -50,p) 

medium 
silt 

(20 p.) 

fine 
silt 

(5 -20 p.) 

Wallowa A11 0-13 4.9 4.0 9.0 17.9 
silt loam Al2 13-28 3.7 8.1 8.5 20.2 
S64 -32 -1 B21 28-56 4.9 5.8 5.5 16.2 980,000 

B22 56-73 .4 5.2 5.2 10.8 

Hurwal A 0-25 . 14 12.0 7.1 1 19.2 
silt loam Al2 25-41 . 08 4.3 3 4.8 9. 1 690, 000 
S64 -32 -2 A3 41-58 .05 5.2 3.5 8.7 

B1 tb 58-71 .05 2.4 3.0 5.4 
B21 tb 71-91 . 07 2.7 2.2 5.0 230,000 
B22tb 91-140 0 .4 .4 .8 
B3tb 140-198 0 2.3 1.0 3.3 130,000 

Tolo silt A1-B21 0-10 5.3 12.0 6.5 23.8 
loam B22 10-18 4. 0 6. 5 3. 6 14. 1 420,00C 
S60 -31 -1 B23 18-46 2.4 6. 1 3.4 11.9 

B24 
Alb-B25 

46-69 
69-84 

. 90 

. 19 

2. 9 

2.6 
1.6 6 

1.4 
5.4 
4.2 110,00C 

IIB lb 
IIB22 tb 

84-94 
94-104 

. 14 

. 06 
1.0 

. 20 
.60 
. 16 

1.7 
. 4} 30, 000 

(Continued on next page) 



Table 9. (Continued) 

% Phytoliths by 

Soil and 
sample no. Horizon Depth 

(cm) 

size fraction 
Total Lbs. phytoliths / 

acre coarse 
silt 

(40 -50 p.) 

medium 
silt 

(20 -40 p.) 

fine 
silt 

(5 -20 p.) 

LaGrandea Al 0-18 .17 .34 .89 1.4 1 

silt loam Al2 18-46 .17 .32 .81 1.3 66, 000 
B1 46-61 .05 .12 .23 .4 f 

S64 -32 -2 Alb 61 -84 .49 1. 1 3.21 4.8 1 150, 000 
B21ó 84-102 .13 .24 .73 1.1 J 
B22b 102-132 .20 .36 1.04 1.6 1. 48,000 
C 132- 170 .04 .07 . 19 .3 f 

aPhytolith content determined for coarse silt, and extrapolated proportionately for medium and fine 
fractions. Bulk density of 1. 5 was assumed. 

03 
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is unknown, but loess exposures as much as 5 m thick (Mayers, 1964) 

are not uncommon in nearby portions of Sherman Cp. A period of 

loess accumulation lasting about 10, 000 years would thus be indicated. 

Adding the time estimated for development of the surficial phytolith 

concentration (soil profile) gives an approximate interval of 14, 000 to 

18, 000 years since loess deposition began. 

The foregoing discussion is obviously much simplified, since it 

assumes uniform rates of both phytolith and loess accumulation. 

However, it does serve to illustrate one way in which phytolith data 

may be useful. 

Phytolith assemblages. Phytolith assemblages (Table 10, 

p. 86 ) from the Walla Walla profile disclose only small variations 

between horizons. By referring to Table 5, p. 59, the proportion of 

wavy rods recorded in five of the seven horizons can be interpreted 

to indicate that about 20% of the contributing grass was bluebunch 

wheatgrass, for those horizons. According to Mayers (1964), these 

soils originally supported about 25% bluebunch wheatgrass and 60% 

Idaho fescue, with several other species making up the remainder. 

The presence of hookbases only in horizons with wavy rods tends to 

verify the presence but not necessarily the relative importance of 

bluebunch wheatgrass. 

A dominant role for Idaho fescue cannot be so easily inferred 

from the assemblages presented in Table 10, since smooth rods are 
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Condon silt loam, Gilliam Co. 
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consistently more plentiful than rough ones. According to Table 5, 

the reverse is true for Idaho fescue. However, the distinction between 

rough and smooth rods may not persist very long in soils. Further- 

more, since hairs are the most fragile of the phytolith forms being 

tabulated, they may not persist either. Examination of Table 5 (p. 59) 

reveals that Idaho fescue is the only grass included for which the 

phytolith assemblage (exclusive of hairs) consists of 100% rough and 

smooth rods. The Walla Walla profile assemblages contain 100% rods 

in more horizons than any of the other soils examined. On that basis 

at least, evidence provided by the phytolith assemblages is consistent 

with the hypothesis that Idaho fescue has been the dominant grass 

during development of the present profile. Because of the small 

differences between horizons shown in percent of wavy rods, fluctua- 

tions in the importance of bluebunch wheatgrass appear to have been 

minor and brief. 

Condon _silt. -loam, Wasco, Co. and Gilliam Co. This series cov- 

ers 450, 000 acres of Columbia Basin wheat land, situated south of 

Walla Walla soils (Dyksterhuis et al., 1969; Norgren and Simonson, 

1969). The most obvious differences between Walla Walla and Condon 

soils are that the latter are not as deep as the former and are some- 

what finer in texture. Phytolith concentration in the A horizons of the 

Wasco Co. Condon profile was several percent above that of the Walla 

Walla sample (Table 9, p. 79), but due to compensations in the shapes 
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of their respective phytolith curves (Figure 8, p. 83), the two soils 

contain similar amounts of opal phytoliths (460, 000 pounds per acre 

for the Condon profile versus 520, 000 pounds per acre for the Walla 

Walla profile). Considering the small differences in climate between 

these sample sites (Appendix II), such agreement in pounds of phyto- 

liths per acre may be evidence that both soils have been growing 

grass for approximately the same length of time, and at similar rates. 

These two profiles appear to offer an example of the situation described 

by Jones and Beavers (1964) for a transect of soils across Illinois. 

Phytolith concentrations were lower in soils on deeper loess than in 

shallower profiles where loess was thinner. Total quantity of phyto- 

liths per unit area, however, was nearly the same for all sites along 

the transect. 

The much lower phytolith content of the Condon sample from 

Gilliam Co. (230, 000 pounds per acre) has several possible explana- 

tions. A simple answer would be provided by assuming that at least 

15 cm of the original A horizon had been eroded postculturally. If the 

phytolith curve is extrapolated into this hypothetical A horizon, the 

added phytolith increment would nearly account for the difference 

between the Was co Co. and Gilliam Co. profiles. However, 

similarity of organic matter curves (Figure 8) of these two profiles 

does not indicate any obvious erosion of the latter. 

A second explanation for lower phytolith content may be that the 



Table 10. Opal phytolith assemblages from the 20 -50 µ fraction of nine eastern Oregon soils, 
expressed as percentage of phytoliths counted in each horizon. 

Soil and 
sample no. 

Horizon Depth 
(cm) 

Rods Hookbases Hairs rough smooth wavy total Large small total 

Wallowa All 0 -13 29 58 87 8 8 6 

silt loam Al2 13 -28 23 62 85 8 8 7 

B21 28 -56 21 72 93 7 7 

S64 -32 -1 B22 56 -73 16 71 89 7 7 4 

Tolo silt Al-B21 0 -10 3 39 42 21 14 35 23 
loam B22 10 -18 5 39 44 28 11 39 16 

B23 18 -46 3 41 44 24 27 51 5 

560-31-1 B24 46 -69 1 45 46 24 30 54 0 

B25 -Alb -84 4 32 36 35 20 55 9 

IIB 84 -94 6 50 56 26 10 36 6 

IIB21tb 94 -104 8 59 67 26 5 31 2 

Hurwal A 0 -25 52 39 91 2 2 7 

silt loam p 
Al2 25 -41 43 51 94 4 4 2 
A3 41 -58 24 52 76 2 2 22 

S64 -32 -2 B ltb 58 -71 40 60 100 

B21tb 71 -91 28 58 86 4 4 10 

B22tb 91 -140 27 49 9 85 15 15 

B3tb 140 -198 36 56 5 97 3 3 

Walla Walla Alp 0 -18 34 57 4 95 4 4 1 

silt loam Al2 18 -43 45 51 4 100 

B21 43 -63 25 75 100 
557 -28 -5 B22 63 -86 33 50 7 90 10 10 

C1 86 -127 30 70 100 
C2 127 -168 37 50 3 90 6 6 4 
C3 168 -193 23 68 9 100 

(Continued on next page) 

2 
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Table 10. (Continued) 

Soil and 
sample no. 

Horizon Depth 
(cm) 

Rods Hookbases Hairs 
rough smooth wavy total large small total 

Condon silt Alp 0 -10 49 46 1 96 1 1 3 

loam Al2 10 -20 48 43 2 93 4 4 3 

557-33-12 B21 20 -35 38 51 2 91 4 4 5 

(Wasco Co.) B22 35 -48 23 70 1 94 3 3 3 

B3 38 -53 34 60 2 96 2 2 2 

Condon silt Ap 0-18 43 48 9 100 
loam B1 18 -35 26 62 4 92 8 8 

557-11-1 B2 35 -51 32 54 4 90 7 7 3 

(Gilliam Co.) B3 51 -79 21 71 3 95 5 

Unit 82 Al 0-15 10 70 0 80 2 10 12 8 

B1 15 -35 6 64 6 76 8 16 24 
B2 35 -51 10 62 3 75 9 16 25 

Fan- 
shaped 

Barrel - 
shaped 

LaGrande A 0 -18 18 60 78 2 2 18 

silt loamy Ap2 18 -46 12 64 76 3 12 9 

B1 46 -61 9 75 84 4 12 

564 -31 -2 Alb 61 -84 12 30 42 9 33 16 

B21b 84 -102 15 57 72 3 16 9 

B22b 102 -132 20 44 64 8 8 20 

C 132 -170 23 53 76 8 16 

aObtained from 40 -50 µ fraction only. 
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lower elevation and southerly aspect at the Gilliam Co. Condon site 

(Table 8, p. 83) result in somewhat lower grass production. Yet 

another possible cause for this difference can be found by comparing 

volcanic glass contents of the two samples (Appendix I). The Was co 

Co. sample contains about four times as much volcanic glass as the 

Gilliam Co. profile and might well produce grass which contains a 

higher concentration of opal phytoliths. Since these three possible 

causes are not mutually exclusive, any combination could contribute 

to the relatively low phytolith content of the Gilliam Co. Condon pro- 

file. At present it is not possible to say which, if any, of the three 

mechanisms is the most important factor. 

Phytolith assemblages. The most obvious difference between 

the phytolith assemblages of the two Condon profiles (Table 10) is that 

the Gilliam Co. sample contains almost three times the percentage of 

wavy rods as the Wasco Co. sample. Considering only the A horizons, 

the difference is almost six -fold. Assuming that wavy rods are 

derived from bluebunch wheatgrass (Table 5), then that species must 

have been consistently more important at the Gilliam Co. site than it 

was at the Wasco Co. location. According to Table 5,, the surface 

concentration of wavy rods in the Gilliam Co. Condon profile indicates 

that about one -third of the opal phytoliths were from bluebunch wheat - 

grass. A similar interpretation for the Wasco Co. profile indicates 

that only about 6% of the grass that contributed phytoliths has been 

bluebunch wheatgrass. Considering that the Wasco Co. site is 500 feet 
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higher in elevation than that in Gilliam Co. , a somewhat smaller 

component of bluebunch wheatgrass would be expected at the former 

location (Franklin and Dyrness, 1969, p. 144). The present vegeta- 

tion, however, contains a much higher component of bluebunch wheat - 

grass (60 %, Mayers, 1964) than is indicated by the phytolith assem- 

blages from the soil profile (Table 10). In both Condon profiles the 

highest proportion of rough rods is at the surface, decreasing with 

depth to about 20 %. Although differences between phytolith assem- 

blage of the two profiles are not great, it is worth noting that the A 

horizons of the Wasco Co. Condon sample contained a slightly higher 

percentage of rough rods than smooth rods, which is further evidence 

that Idaho fescue has been more important there than at the Gilliam 

Co. site. 

Four Soils from the Blue Mountains 

Wallowa silt loam, Wallowa Co. Although Wallowa silt loam 

occupies only 4, 000 acres in Wallowa Co. (Vance, Lindsay and 

Simonson, 1969), similar soils cover nearly 400, 000 acres in 

Umatilla, Gilliam and Union counties (Dyksterhuis et al. , 1969; 

Norgren and Simonson, 1969). The plant opal data for the Wallowa 

profile, as well as the conclusions drawn therefrom should be 

relevant for many of these more extensive soils as well. 

The Wallowa profile represents the moderately deep, gently 
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sloping soil of the same rolling landscape in which Hurwal silt loam 

is a deep soil on northerly slopes, and Tolo silt loam is a moderately 

deep, forested soil, also occupying northerly slopes. Both Wallowa 

and Hurwal soils have formed in loess mixed with some volcanic ash 

(Vance et al., 1969). Since they commonly occupy adjacent areas, 

they have presumably been exposed to comparable periods of soil 

development. The phytoliths which have accumulated during formation 

of the Wallowa profile are concentrated within a vertical interval of 

less than 1 m, whereas those in the Hurwal profile are spread 

through a vertical distance of nearly 2 m. Thickness of the Hurwal 

parent material has probably increased much more rapidly than has 

that of the Wallowa profile. 

Average opal phytolith concentration for the Wallowa profile 

(Table 9) is 15. 8 %, the highest of those examined in this study. 

Calculated on a weight basis this amount equals approximately 

1, 00Q, 000 pounds per acre, essentially the same quantity as in the 

much deeper Hurwal profile. Using Anderson's (1962) figure of 1800 

pounds per acre as a maximum grass yield, and a phytolith percentage 

of 7% (Table 4), annual phytolith production would approximate 125 

pounds per acre. Assuming that these phytoliths are stable, an 

estimated 8000 years is the minimum time required for this quantity 

to accumulate. If only half of the phytoliths are assumed to persist, 

16, 000 years would be required to account for the present accumula- 

tion. 
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Relatively vigorous mechanical mixing among horizons of the 

Wallowa profile is implied by the high phytolith concentration in the 

bottom horizon (10 %) and a rather uniform volcanic ash content in all 

horizons (Appendix I). The relative uniformity of phytolith assem- 

blages (Table 10) may also result from homogenization of the profile 

rather than from uniform vegetation. 

Phytolith assemblage. The only consistent trend in phytolith 

assemblages of the Wallowa profile is a decrease in rough rods with 

increasing depth. Since the change is gradual, it might well be 

attributed to loss of roughness with increasing age. Absence of wavy 

rods in all but the bottom horizon implies that bluebunch wheatgrass 

has not been present at this site for a long time, and then only in a 

minor role. Nearly uniform percentage of hookbases (7 -8 %) in all 

horizons suggests that some grass species other than Idaho fescue or 

bluebunch wheatgrass has contributed between 15 and 30% of the phyto- 

liths present (Table 5). Since several of the grasses which contain 

hookbases are also characterized by a predominance of smooth rods 

(Table 5), such a contribution would help to explain the low proportion 

of rough rods currently found in the Wallowa profile. 

Anomalous phytolith curves -- Condon silt loam (Wasco Co.) and 

Wallowa silt loam. Assuming that most plant opal is deposited at 

the surface, and gradually incorporated into the soil profile, an 

increase in plant opal with increasing depth must be regarded as 
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anomalous. Some of the more obvious mechanisms likely to cause 

such an anomaly are: 

1. Deposition of new parent material, such as loess, volcanic 

ash or alluvium on the surface. 

2. Vertical displacement of soil material from lower (phyto- 

lith-poor) horizons to the surface by animals, such as 

pocket gophers (Scheffer, 1958). 

3. Additions of material from other (phytolith -poor) soils in 

the same landscape, due to wind or water erosion. 

The surface horizons of the Wallowa (Figure 9) and Wasco Co. 

Condon (Figure 8) profiles have opal phytolith concentrations which 

are 16 and 9% lower, respectively, than in the horizons immediately 

below. Organic matter curves of both soils are normal, however, in 

that the highest concentration is at the surface. In fact, the two 

Condon profiles have similar organic matter curves. Any silty 

material deposited on the surface must, therefore, have been in 

place long enough to allow organic matter accumulation to reach an 

equilibrium with the rest of the profile. 

The probability that a surficial deposit has resulted from post - 

cultural disturbance, such as plowing or overgrazing, is minimized by 

the normal surface organic matter content. Insufficient time would 

have been available for such an organic matter accumulation in the 

80 or 90 years since cultivation began. Deposition of recent regional 
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loess is unlikely because its effects would be discernible in the Hurwal 

and Gilliam Co. Condon profiles as well. Volcanic ash is ruled out 

as a possible surface deposit since both soils contain less volcanic 

glass in their top horizons than is present at greater depth (Appendix I). 

Textural uniformity within both profiles tends to support rodent 

activity within the profile or short- distance wind transport from 

nearby exposed surfaces as the most likely means of providing a 

phytolith -poor surface horizon. Some significance might be attached 

to the fact that both of these profiles occupy areas in which a complex 

of moderately deep soils and very shallow, very stony, sparsely 

vegetated soils (biscuit -scabland) is widespread (Waters and Flagler, 

1929). A possible source of wind -deflated silty material has therefore 

existed in close proximity to the profiles in question, for a long time. 

For a similar complex of soils, Witty (1962) found that the opal phyto- 

lith concentration in the surface horizon of a very shallow intermound 

soil was approximately 45% of that in the nearby, moderately deep 

soils. Assuming that the Wallowa and Condon soils have had material 

added which contained about 50% as much plant opal as the original 

surface soil, a 5 cm layer mixed with the 5 cm beneath would give 

results similar to those existing at present. Only 2. 5 cm of opal -free 

material would be necessary to produce the same results. This sort 

of redistribution had to occur long enough ago to allow a normal 
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organic matter accumulation, but not long enough to allow the dilution 

of surficial opal phytoliths to be obscured by mixing. 

In order to use plant opal curves to evaluate the amount of 

surficial material added to either of these profiles, one would need 

better knowledge concerning the shape of the original curve. For 

instance, if the Hurwal phytolith curve is taken as a model, the 

Wallowa silt loam All horizon appears to have been diluted to one - 

half the original concentration. If a "normal" curve is obtained by 

extrapolation from lower horizons of the Wallowa profile itself, the 

diluted value would approach 3 /4 of the original concentration. If the 

curve from the Walla Walla (Figure 8, p. 83) or La Grande (Figure 

10, p. 104) soils is used as a standard shape, the diluted value would 

be only 6 /7 of the hypothetical original. The anomalous phytolith 

curves could thus be evidence for either significant or trifling 

disturbances of the original profiles, depending on the shape assumed 

for the original phytolith curve. 

Tolo silt loam, Union Co. This soil, and other soils formed 

primarily of volcanic ash, occupy a large part of the heavily timbered 

uplands in northeastern Oregon, southeastern Washington and northern 

Idaho (Garber, 1966; Vance et al., 1969). Garber (1966), Borchardt 

(1971) and Rai (1971) have demonstrated that the major parent material 

for these soils is Mazama ash (from Crater Lake), which is generally 

accepted as having a radiocarbon age close to 6600 years (Powers 
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and Wilcox, 1964). Elevation at the sample site is 3200 feet and 

average annual precipitation is about 24 inches. This profile is 

located near the lower limit at which predominantly volcanic ash soils 

occur, and is included because of the comparison it affords with con- 

trasting soils of nearby grasslands. 

Strickler (1966) rates herbage production of these soils at 

between 700 and 900 pounds per acre per year. Using his maximum 

grass production and a durable plant opal content of 7. 0% (Table 4), 

one obtains an annual increment of approximately 63 pounds per acre. 

During the time available, about 430, 000 pounds per acre of opal 

phytoliths could accumulate. If the radiocarbon age of this soil is 

adjusted to account for known fluctuations in atmospheric C14 

(Stuiver and Suess, 1966; Damon et al., 1969), a closer estimate of 

actual age would be approximately 8000 years. Using the corrected 

age we obtain a figure for maximum possible phytolith accumulation of 

504, 000 pounds per acre. Close agreement between this estimate 

and the calculated amount present in the profile (Table 9) tends to 

substantiate the estimated rate of accumulation. 

The present vegetation at this site consists of ponderosa pine, 

Douglas -fir and western larch, with an understory containing only 10% 

pinegrass and elk sedge, and a mixture of shrub species (Appendix II). 

In order to account for the concentration of grass opal present in this 

profile, sustained high yields of grass must have been produced for a 
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large part of the interval during which the deposit has been in place. 

Frequent, relatively mild ground -fires may have encouraged growth 

of grass in the past (Soeriaatmadja, 1966; Hall, 1967; Sherman, 1969) 

to a much greater extent than is currently the case. 

The possibility that high opal phytolith concentrations present 

in the forested Tolo profile might have been the result of wind trans- 

port from nearby grasslands is effectively ruled out by the obvious 

disparity between its phytolith assemblage and those of both the 

Wallowa and Hurwal soils, which occupy much of the nearby open 

areas. Hookbases are a major constituent of the Tolo assemblages 

and rough rods are unimportant, while hookbases are a minor 

component of phytolith assemblages in the latter two soils, and rough 

rods are significant in all horizons. The striking importance of hook - 

bases in this phytolith assemblage is a good indication that pinegrass 

has been the major source of plant opal. In fact, the weighted average 

for hookbases in the upper soil is only 2% less than that shown for 

pinegrass in Table 4, p. 46). 

Opal phytoliths have been observed from similar soils in 

Umatilla Co., Oregon (Rai, 1971) and Moscow Co., Idaho (Garber, 

1966). Elevation and precipitation were both somewhat higher at 

these locations than for the Tolo profile. Close comparison between 

these sites is impossible because different size -fractions were 

examined; coarse silt in the former and very fine sand in the latter. 
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Douglas -fir phytoliths were present in both these locations, however, 

in amounts ranging from 6000-10, 000 pounds per acre, and they were 

the dominant form of plant opal in some of the profiles. 

Douglas -fir phytoliths are absent from the Tolo profile studied, 

but Douglas -fir occurs in the present vegetation. This absence 

suggests that Douglas -fir is a relatively recent arrival in the climatic 

zone represented by the Tolo profile. The ashy soils at higher eleva- 

tions, which receive more precipitation, seem to have supported 

Douglas -fir, at least as a successional component, ever since 

deposition of the Mazama ash (Garber, 1966; Rai, 1971). 

The conclusion that the large quantity of opal phytoliths in the 

Tolo profile derives from grass seems to run counter to this soil's 

general appearance. Considering the resemblance between their 

respective phytolith curves, it would be logical to expect the Tolo 

profile to have an organic matter curve similar to that of Hurwal silt 

loam, and a very dark brown color to match. This discrepancy can 

be explained by the rapidity with which organic matter levels of some 

soils are reduced by changes in vegetation. Organic matter concen- 

tration in portions of the Al horizons of some New Zealand pumice 

soils were decreased from 10% to approximately 5% in only 27 years, 

after Pinus radiata stands were established (Will, 1960). Prior 

vegetation had been predominantly scrub and grass. At such a rate of 

change, a few hundred years would be amply sufficient to reduce 
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organic matter concentrations from levels comparable to those of 

Hurwal silt loam to those of the present Tolo profile. 

Garber's data indicate that grass opal was nearly twice as 

abundant at a depth of 46 to 61 cm as in the overlying horizons. Such 

a grass opal curve could indicate two layers of volcanic ash as well 

as a change in vegetation. Further evidence along this line is 

afforded by a radiocarbon date of 3180 ± 210 years, which Garber 

obtained from coarse lumps of charcoal in this same horizon. 

Particle -size data do not indicate a lithologic discontinuity within the 

volcanic ash deposit. However, the content of glass shards is 10 to 

20% lower in the overlying horizons than at most of the sites reported 

by Rai (1971), from Oregon, indicating that ash from some source 

other than Mt. Manama may have contributed to the upper horizons 

of the soil examined by Garber. Nearly coincident radiocarbon dates 

have been obtained for volcanic ash from Mt. St. Helens, in Washing- 

ton (3200 years; Crandell et al., 1962) and northeastern Oregon (3100 

years; Borchardt, Norgren and Harward, in press). The extent of 

this volcanic ash in northern Idaho is unknown, but the close agree- 

ment between its age and Garber's radiocarbon date suggest that it 

could occur there. 

Phytolith assemblages of the Tolo profile show no evidence of 

a buried A horizon within the volcanic ash section. Even the phyto- 

lith assemblages from horizons obviously buried beneath the volcanic 
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ash, are so similar to those in horizons above that their presence 

could be attributed to contamination. However, comparison with 

content of silt -size volcanic glass (Appendix I) indicates that mixing 

between the ash deposit and underlying horizons was not very 

significant. Glass content of the silt fraction in the two lowest 

horizons sampled was only 10% of that in the overlying horizon. 

Phytolith content of the IIBib horizon was approximately 40% of that 

in the overlying horizon. If we can assume that silt -size glass shards 

and phytoliths would be subjected to the same mixing influences, the 

concentration of phytoliths is too high to be accounted for by mixing, 

and could logically be attributed to the buried profile. The relatively 

low concentration of phytoliths from grass present in this buried 

soil, however, suggests that forest vegetation prevailed during its 

formation. 

Hurwal silt loam, Wallowa Co. Hurwal silt loam covers some 

62, 000 acres in Umatilla and Wallowa counties, and more than 

160, 000 acres of similar soils occur in Umatilla, Morrow, Gilliam, 

Union and Wallowa counties Dyksterhuis et al., 1969; Norgren and 

Simonson, 1969; Vance et al., 1969). The Hurwal sample represents 

deep, very dark brown grassland soils which occupy northerly slopes 

in the same general landscape with Tolo and Wallowa soils. 

Both the Hurwal and Wallowa profiles contain approximately 

1, 000, 000 pounds of opal phytoliths per acre (Table 9). Since the 
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former is twice as deep as the latter, it is not surprising that distribu- 

tion of phytoliths within these profiles is dissimilar. A buried soil 

is indicated by the description of the Hurwal profile (Appendix II), 

therefore some irregularity in opal phytolith distribution with depth 

is to be expected. The possibility of an older,buried A horizon is 

suggested by increased phytolith concentration in the deepest horizon. 

Assuming that the volcanic glass concentration in the A3 horizon 

of the Hurwal profile represents the same deposit which dominates 

the Tolo soil, the maximum time which has been available for soil 

development in the upper three horizons is about 8000 years (p'. 96 ). 

Approximately 700, 000 pounds of opal phytoliths per acre occur in 

these three horizons, or an average annual increment of about 87 

pounds of phytoliths per acre. Anderson (1962) gives a potential 

herbage yield of 2400 pounds per acre for the Hurwal series. Assum- 

ing that phytoliths made up 7% (Table 4) of this amount, only half of 

the available time span would be required to accumulate the phytoliths 

present in the profile. If 3. 5% is taken as an estimate of durable 

phytoliths, then the entire 8000 years would be needed in order to 

develop the present phytolith concentration. Part of the present 

productivity of this soil is undoubtedly due to its relatively high organic 

matter content. During the period when organic matter was increas- 

ing, grass yields may have been somewhat lower than at present. 

Therefore, the actual percentage yield of durable phytoliths has 

probably ranged between 3. 5 and 7 %. 
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Phytolith assemblages. In marked contrast to those of the Tolo 

profile, phytolith assemblages of Hurwal silt loam are dominated by 

rods. Rough rods account for 30 to 50% of these in all horizons. Rods 

with wavy margins are present only in the two deepest horizons 

samples, and hookbases are also more prevalent in the lower hori- 

zons. Since only the two lowest buried horizons display a distinct 

difference in phytolith assemblage (Table 10, p. 86), it is possible to 

say that the earliest stages during accumulation of this loessial soil 

were associated with species which have not been important in the 

latest cycle of soil formation. The change in vegetation may not 

have coincided with deposition of the most recent parent material. 

The relatively low phytolith concentrations present in these two 

deepest horizons indicate either a rather short period of plant opal 

accumulation for these buried horizons, or forest vegetation which 

left no phytolith record. 

Total percent of rod -shaped phytoliths in the Hurwal silt loam 

assemblages indicates that Idaho fescue has been the most important 

contributor of plant opal to the upper sequence of horizons, especially 

if one bears in mind that hairs (Table 5) are probably the least durable 

of the forms counted for this species. 

Both the wavy rods and hookbases, which form a small but 

significant component in the phytolith assemblages of the lower horizon 

sequence, could be attributed to bluebunch wheatgrass. A contribution 
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of 20 or 25% from this species could be inferred from wavy rods. 

Such an interpretation fails to account for the fact that smooth rods 

are twice as common as rough rods. One possible explanation may 

be that rods which are only slightly rough soon become so weathered 

that they are indistinguishable from smooth ones, If this sort of 

effect is significant, rough rods should tend to decrease in importance 

with increasing depth (and age). Five profiles, Wallowa, both Condon 

samples, and the upper horizon sequence of the La Grande and Hurwal 

soils, illustrate this sort of relationship. Definitive evidence is 

lacking to decide the validity of this hypothesis. However, the likeli- 

hood that the distinction between smooth and rough rods becomes 

blurred with time diminishes the significance of this morphological 

separation. 

La Grande silt loam, Union Co. La Grande silt loam is a some- 

what poorly drained alluvial soil from Union County. Although the 

series is inextensive compared to the upland soils considered so far, 

this profile presents a good example of the buried horizons commonly 

occurring in alluvial situations. Phytolith and organic matter curves 

of the upper profile are roughly parallel,, and suggest an uncomplicated 

history. The phytolith curve for the buried sequence of horizons, 

however, is neither simple nor parallel to the organic matter curve 

for the same horizons. The abrupt change in both curves between the 

B1 and Alb horizons (Figure 10) is inferred from the sharp contact 
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mentioned in the profile description (Appendix II). Assuming fairly 

uniform rates of phytolith accumulation, the concentration in the Alb 

horizon indicates a period of soil formation two or three times as 

long as that required for the upper profile. Phytolith concentration in 

the B22b horizon suggests a period of soil formation somewhat 

shorter than that required for the surficial profile. Decomposition 

of organic matter in the buried soil has undoubtedly altered that curve 

to some extent, and inferences made from it would therefore be open 

to question. 

Examination of the fine sand fraction from the A and Al2 P 

horizons revealed the mineral cummingtonite as well as volcanic glass 

(Appendix I). This rather rare mineral is a common constituent of an 

approximately 3000 -year -old volcanic ash deposit, which occurs in 

northeastern Oregon as a. thin (2 -5 cm) layer (Crandell, 1962; 

Borchardt et al., in press), The A and Al2 horizons contain too large 

a proportion of volcanic glass (25% of the coarse silt) to be attributed 

to such a thin subaerial deposit. A more logical explanation is that 

the volcanic glass occurs in an alluvial deposit which is due to wide- 

spread erosion of this thin layer of volcanic ash from much of the 

Grande Ronde River drainage. If this interpretation is correct, the 

66, 000 pounds per acre (Table 9) of phytoliths in the upper profile 

must have accumulated in approximately 3000 years. The volcanic 

ash concentration in the C horizon is probably alluvium derived from 

- - p 
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the Mazama ash deposit (p. 97), in which case about 8000 years would 

have been available for development of both profiles. Therefore, the 

200, 000 pounds of phytoliths per acre, which occur in the buried 

profile, accumulated in about 5000 years. Rates of phytolith accumu- 

lation implied above (22 and 40 pounds per acre per year) are well 

within the limits previously mentioned. 

Phytolith assemblages. No attempt was made in this study to 

characterize phytolith forms from grass species commonly found 

growing on wet meadows. Consequently, it is not known what species 

is responsible for the "fan- shaped" phytoliths (Table 10), which are 

such a conspicuous component of phytolith assemblages in the buried 

profile. Similar forms have been reported from Japanese soils and 

grasses (Kanno and Arimura, 1958), from two species of grass in 

Britain (Smithson, 1958), and from Ohio soils (Wilding and Drees, 

1971). The source of the large, smooth, oblong, "barrel- shaped" 

phytoliths, which occur in both upper and lower profiles, it also 

unknown. Since neither of these shapes was noted in the upland soils 

examined, there is reason to suspect that they are from grasses 

which are restricted to moist sites. 

Even though it is not possible to name the plant species 

responsible, a shift in species composition is indicated between the 

upper and lower profiles. Hookbases and fan -shaped forms are 

approximately four and five times as important, respectively, in the 
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Alb horizon as in the surficial profile. The proportion of rods, 

however, was only half as large as in the upper profile. Decrease in 

proportion of rough rods with increasing depth in the upper profile, 

may be evidence that roughness is not a well preserved feature, 

instead of an indication of change in vegetation. 

Giant wildrye was considered by Vance et al. (1969) to have been 

the predominant grass of La Grande soils prior to cultivation. The 

low percentage of hookbases in the upper profile (Table 10), however, 

suggests that giant wildrye has not contributed more than 10% of the 

phytoliths in the upper profile. In the lower profile, hookbases are 

sufficiently plentiful to indicate that giant wildrye could have supplied 

as much as 30% of the phytoliths. Proportions of rough and smooth 

rods in these horizons are not inconsistent with such an interpretation. 

Hookbases, especially the smaller size, may be underrepresented in 

this sample because it was obtained only from the 40 to 50 µ fraction. 

It is quite possible that a phytolith assemblage obtained from the 20 to 

50 µ fraction would indicate a much larger contribution from giant 

wildrye. 

One Soil from Southeastern Oregon 

Unit 82, Malheur Co. Mapping Unit 82 soils cover approximately 

240, 000 acres, which are widely scattered in higher portions of 

Malheur, Harney and Lake counties (5000 to 7000 feet elevation) 



108 

(Lindsay et al., 1969; Lovell et al., 1969). This soil affords some 

comparison with the grassland soils already considered from north - 

central and northeastern Oregon. All six of these soils are developed 

wind -deposited silt. Unit 82 soils receive precipitation comparable 

to the Condon and Walla Walla soils, but have an average annual air 

temperature that is 4 or 5oF lower. Hurwal and Wallowa soils have 

average annual air temperatures similar to Unit 82 soils, but receive 

4 or 5 inches more precipitation. 

The organic matter curve for the Unit 82 profile falls midway 

between those of the Hurwal and Wallowa soils, and all three curves 

exhibit the same slope in their first two horizons. The latter rela- 

tionship perhaps indicates that a very similar equilibrium exists 

between net organic matter accumulation and its incorporation into the 

profile at these sites. The Unit 82 soil contains only one -third 

(340, 000 pounds per acre) the quantity of phytoliths present in either 

the Hurwal or Wallowa profiles. Surficial organic matter concentra- 

tions in these three soils are quite similar, however. Although the 

Condon profiles have much lower organic matter levels, they bracket 

the phytolith content of the Unit 82 sample (30% more and 30% less) 

quite evenly. These three profiles present another example of opal 

phytolith content being roughly proportional to concentration of 

volcanic glass (Appendix I). 

Phytolith assemblages. Except for the Tolo profile, phytolith 
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assemblages from the Unit 82 profile contain the smallest component 

of rods and rough rods of those examined. Wavy rods were present 

in the B horizons in amounts comparable to those found in the Walla 

Walla and Gilliam Co. Condon profiles, which suggests that 20 to 

25% of the contributing grass was bluebunch wheatgrass. The 

relatively high percentage of small hookbases exceeds all the samples 

except the Tolo profile in that respect. If the contribution of blue - 

bunch wheatgrass is judged from the concentration of small hookbases, 

it would seem to have been the predominant grass. Since wavy rods 

occur in fewer other species (Table 5), ,however, they should provide 

a more reliable indication of species. 

Similarities between phytolith assemblages of the Tolo and Unit 

82 profiles suggest the possibility that pinegrass was once an 

important species at this site. As much as a 50% component from 

that species could be inferred for the B horizons if hookbases are 

used as a standard. The occurrence of pinegrass would imply that 

pines were present also. Plant associations containing ponderosa 

pine, pinegrass, Idaho fescue and needle - and thread have been 

described in eastern Washington (Daubenmire and Daubenmire, 1968) 

and the Blue Mountains of eastern Oregon (Hall, 1967). At present 

the sample site is 75 km from the nearest communities of this sort. 

However, the occasional aspen groves which occur on Unit 82 soils 

(Lovell et al., 1969) imply that ponderosa pine might also be capable 
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of growing if a source of seed existed. Unit 82 soils presently occur 

in close proximity to ponderosa pine stands in some places. There 

is a distinct possibility then, that pines have been even more 

prevalent at some time during the history of the profile under consider- 

ation. 

Lack of wavy rods, and a distinctly lower content of hookbases, 

in the A horizon, implies a change in species dominance fairly late 

in the history of this soil. The time and cause of this change can 

only be deduced from limited information. The small amount of 

volcanic ash present in this soil is concentrated at the surface 

(Appendix I). Assuming that this ash is from Mt. Mazama, no 

significant additions of parent material have occurred during the last 

8000 years. 

Approximately one -third of the volcanic ash has been mixed 

into lower horizons. If we assume that a similar rate of incorpora- 

tion has applied to phytoliths, the assemblage present in the Al 

horizon will have been diluted commensurately with phytoliths from 

the B horizon. The proportion of rods actually being added for the 

last few thousand years could thus have been closer to 90% than 80 %. 

An average annual herbage production capacity has not been 

determined for these soils. Considering the climatic parameters 

and soil depth, however, potential for grass production must be close 

to the value given for the Condon soils. Assuming that the grass 
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contained 7% phytoliths, only 3400 years would be necessary to account 

for the present accumulation. If we postulate a yield containing 3% 

persistent phytoliths, approximately 8000 years would be required to 

obtain the present accumulation. The volcanic ash in this profile is 

presumed to be about that old, therefore most of the parent material 

(and perhaps the soil as well) must be a good deal older. 

One interpretation for this apparently low phytolith content is 

that grass has not been the predominant vegetation for the entire 

period since the parent material was deposited. Such a line of 

reasoning tends to agree with the previous speculation concerning the 

possible occurrence of pinegrass and ponderosa pine. Another 

explanation might be that grass grown on this site contained less plant 

opal than that from other sites under consideration. Phytolith content 

of the vegetation could have been even lower prior to deposition of 

volcanic ash. 
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CONCLUSIONS 

Examination of the amount and shapes of opal phytoliths which 

have accumulated in soil profiles is a useful method of studying 

vegetation history. Success of this technique in a given area will 

always be limited by the number of important plant species contribut- 

ing durable opal phytoliths to the soil. Due to the relatively high opal 

content of grasses, soils formed under plant communities containing 

a large grass component offer the best prospects for utilizing this 

method. At present, insufficient knowledge of phytolith forms and 

rates of accumulation limits complete realization of the potential 

inherent in the technique. 

The number of phytolith curves presented is insufficient to 

establish a typical shape for any of the soils represented. Some basic 

types of phytolith curve can be inferred, however. In spite of differ- 

ences in amount of phytoliths present, the upper three horizons of the 

Walla and Walla and La Grande soils have curves of similar shape 

(Figures 8, p. 83 and 10, p. 104). Phytolith concentration decreases 

slightly as depth increases, at first, but much more rapidly at greater 

depth. A curve of this shape implies that mixing of the upper horizons 

nearly keeps pace with phytolith accumulation. A similar curve could 

result if mixing of the upper horizons continued after additions of 

phytoliths ceased. Curves which show a sharp drop in phytolith 

concentration between the first and second horizon, followed by a more 
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gradual decrease, are illustrated by the Hurwal and Tolo profiles 

(Figure 9, p. 90). A simple explanation for this shape of curve is that 

phytoliths are added more rapidly than they become mixed with lower 

horizons. However, an increase in rate of phytolith accumulation 

relatively late in the history of a soil could have a similar result. 

Rather than attempt comparison of phytolith curves for entire 

soil profiles, which may have complex origins, simplification 

facilitates recognition of essential similarities. Obviously buried 

horizons can be excluded because the phytoliths they contain probably 

result from a different environment. The deeper portions of profiles 

without described buried horizons can be excluded also, if there is 

reason to suspect that parent material accumulated rapidly with 

respect to soil formation. In order to eliminate effects of recent 

disturbance, the surficial horizon can be excluded as well. With the 

restrictions mentioned, each phytolith curve can be represented by a 

straight line. For the majority of grassland soils examined, the 

slopes of these curves fall within a range of eight degrees (23 to 31 

degrees from the horizontal axis). While the slope itself is dependent 

on scales chosen, the relatively small range in slope implies that a 

characteristic slope exists for phytolith curves of grassland soils in 

eastern Oregon,having surficial organic matter concentrations between 

2 and 6 %. Whether such a value would apply to soils on a wider 

regional basis is doubtful, however, because the opal content of plants 
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can be expected to vary significantly with marked differences in parent 

material (Jones and Handreck, 1965). 

Identification of the distinctive phytoliths from Douglas -fir in a 

soil undoubtedly signifies the past occurrence of that species. Most 

species of grass, however, can be identified only by the presence of 

several phytolith shapes in certain proportions. Relative reliability 

of the various forms is far from uniform, however. Wavy rods and 

hookbases both retain characteristic features throughout soil profiles 

and are thus assumed to be stable forms. Percentage of rough rods 

decreases with depth in several profiles (Table 10, p. 104), whereas 

smooth rods show a corresponding increase. This relationship 

suggests that some rough rods eventually become indistinguishable 

from smooth rods. Conclusions based on these two types of rod 

should therefore be made with due caution, especially when dealing 

with relatively old soils. 

Several of the soils examined; namely the Condon (Wasco Co. ), 

Tolo, Walla Walla, Wallowa, and Hurwal profiles, contained amounts 

of phytoliths similar to those reported by Riquier (1960). If the phyto- 

liths in these soils occurred as pure deposits, rather than being 

intimately mixed with other soil constituents, they would form layers 

ranging from 7 to 15 cm thick (assuming bulk density of . 7). While 

soil and climate in parts of Oregon may be more conducive to plant 

opal accumulation than in many other places, there is no reason to 
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think that instances reported so far include the ultimate plant opal 

concentration. A relatively small proportion of the world's soils have 

been studied to date. Judging from Riquier's data, soils containing 

large amounts of plant opal can be expected at temperate elevations, 

in humid, volcanic portions of the tropics and subtropics, where opal - 

concentrating species predominate. The large quantities of phyto- 

liths found in the profiles mentioned above indicate that temperate, 

semi -arid, grassland soils formed from parent material containing 

volcanic ash are also potential sites for high concentrations of plant 

opal. 

Similar total amounts of phytoliths were present in deep and 

moderately deep soils formed from related parent materials in 

comparable climates (Hurwal versus Wallowa and Walla Walla versus 

Wasco Co. Condon soils ), even though percentage concentrations 

(phytolith curves) differed markedly. This essentially uniform 

accumulation of phytoliths, in different soils and within a similar time 

interval, lends credence to the premise that phytolith accumulations 

can be a useful measure of soil age. Since age of parent material is 

not necessarily the same as that of the soil which forms from it, this 

approach may be useful in studies of soil chronology. Limited know- 

ledge of past and present phytolith accumulation rates is a major 

limitation to fruitful application of this promising technique. 

Approximately 60 to 100% of the plant opal in species examined 
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less than 5 µ thick. Estimated maximum annual yields of this plant 

opal fraction, for the soils studied, ranged from 80 pounds per acre 

(conifers).to 300 pounds per acre (grass). These quantities suggest 

that plant opal constitutes a major portion of the silica budget of many 

Oregon soils. 

Since no data are available which would allow accurate estima- 

tion of the percentage of plant opal that is recycled annually, detailed 

speculation along these lines is perhaps unwarranted. The point to 

bear in mind is that the volume of silica (and other elements as well) 

annually cycled by many kinds of plants is significant with respect to 

rates of soil development. Developing this line of reasoning further 

suggests that many types of concentration in soils, excepting those 

resulting from evaporation of mineral- charged ground water, may 

result from elements cycled through vegetation. Silica- cemented pans 

could thus result from cycling of plant opal. Caliche of semi -arid 

grassland soils could logically derive from the large quantities of 

calcium oxalate present in most leaves (Parfenova and Yarilova, 

1965). Iron -rich horizons of podzolic soils could result from iron 

released by litter decomposition. Colloidal amorphous silica, an 

important component of many organic -rich surface horizons, could 

very well derive from plant opal. Perhaps even layer -lattice alumino- 

silicate clays of some soils might result from the recombination of 
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components which were originally separated when silica was 

incorporated into living plants. 

The preceding remarks suggest several lines of research which 

would expedite future use of phytolith data. Phytolith curves from 

many more soils are needed in order to establish the shape of normal 

curves for broad classes of soils. Characterization of phytolith 

assemblages from many more grass species is also required, if 

interpretation of phytolith data from a wide variety of soils is to 

become feasible. 

Determination of variation in phytolith content of species, 

depending on soil differences, is a necessity if interpretation of 

phytolith curves is to be even semi- quantitative. Utilization of culti- 

vated as well as native species is apt to be profitable for this purpose. 

For example, a single variety of cultivated grain would eliminate the 

possibility of genetic variation in phytolith formation. Variation in 

durability of opal phytoliths under the range of conditions found in 

soils should also be investigated. For example, extremes of pH 

within a given soil profile may cause phytoliths to be dissolved more 

rapidly in some horizons than in others. Examination of differences 

in water content of the opal from various phytolith forms in the same 

species may explain some of their apparent differences in durability. 

Huang and Vogler (1972) have demonstrated a linear relationship 

between solubility and water content of geologic opal. 



118 

Accurate characterization of phytolith assemblages will require 

that a given species be sampled from a wide variety of soils within its 

present range. For example, sites promoting vigorous growth of a 

given species may result in larger or more numerous phytoliths of 

some shapes relative to others. This sort of phytolith variability could 

also result from unusually favorable or adverse growing seasons on a 

given soil. Statistical evaluation of these potentially significant vari- 

ables is necessary before quantitative reliability can be established 

for phytolith data. Utility of plant opal information in studies of soil 

formation would thus be greatly enhanced. 

This investigation did not include soils containing phytoliths 

from all the potentially useful species noted, e. g. , ponderosa pine 

and Engelmann spruce. Particular soils may need to be studied, 

without regard for their geographic extent or economic importance, 

in order to determine durability and utility of these phytolith forms. 

Examination of the contribution made by finely divided plant opal 

to the amorphous mineral colloid complex in soils may increase 

understanding of this enigmatic fraction. 
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SUMMARY 

Plant opal content in needles of ten conifer species examined 

ranged from 0.2 to 7. 9%. Only Douglas -fir contained distinctive 

phytoliths which were also common constituents of several soils. 

Douglas -fir phytolith concentrations were low in soils (40 to 3600 

pounds per acre) and needles (0 to . 14 mm of ashed needles) from 

the Coast Range. Samples from the Cascade Range contained higher 

concentrations of Douglas -fir phytoliths in both soils (900 to 6300 

pounds per acre) and needles (. 14 to 4. 5 per mm of ashed needle). 

Phytolith content of Douglas -fir needles varies widely between soils. 

Therefore, rates at which these phytoliths accumulate may also be 

disparate for dissimilar soils, even where production of litter is 

comparable. 

Several Oregon soils (Wallowa, Walla Walla, Condon, Hurwal 

and Tolo series) contain opal phytoliths in quantities (.5 to 1 million 

pounds per acre) comparable to the highest levels yet reported. The 

large quantities of opal phytoliths in these soils are doubtless due to 

the high concentration of plant opal (20 %) which was found to occur in 

leaves of several common grasses of eastern Oregon. This relatively 

high concentration of opal in plants is attributed to the readily 

weatherable parent materials from which many of the soils have 

developed. Average rate of phytolith accumulation, in those grassland 
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soils for which age can be estimated, ranges from 3 to 7% of total 

annual grass production (dry weight basis). 

Most of the plant opal in plants (40 to 60 %) is essentially clay - 

size, and may contribute a significant portion of the amorphous clays 

in some soils. Silt -size opal phytoliths, however, are sufficiently 

plentiful in the upper horizons of some soils to have altered their 

textural classification. 

Statistical evaluation of the many variables relating to phytolith 

assemblages and rates of accumulation is necessary before quantitative 

conclusions can reliably be made from phytolith data. 
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APPENDIX I 

PERCENT VOLCANIC GLASS IN THE COARSE SILT FRACTION OF 12 SOIL PROFILES 

Soil Horizon 
Depth 
(cm) 

Percent 
volcanic Soil Horizon 

Depth 
(cm) 

Percent 
volcanic 

glass 

Wallowa A11 0 -13 

_glass 

3.0 La Grande Ap 0 -18 28.0 
silt loam Al2 13 -28 5,3 silt loam Al2 18 -46 26.0 

564 -32 -1 
B 
21 

28 -56 4.9 
564 -31 -2 

B1 46 -61 2.1 

B22 56 -73 3.8 Alb 61 -84 4.8 

B2 lb 84 -102 2.8 
Tolo silt Al +B21 0 -10 35.0 B22b 102 -132 8.9 
loam B22 10 -18 62.0 C 132 -170 14.0. 

B23 18-46 68.0 
S60-31-1-2 23 

46 69 50.0 Slipoutb A 11 
0 -10 5.2 

B25 -Alb 69 -84 30.0 Al2 10 -30 1.0 

IIBib 84 -94 4.0 B21 30 -69 0 

IIB21tb 94 -104 3.0 
Budwormb A11 0 -13 6.6 

Hurwal Ap 0 -25 1.2 Al2 13 -25 2.7 
silt loam Al2 25-41 8.3 B21í 25 -43 0,4 

S64 -32 -2 
A3 
B3 Bltb 

4158 
58 -71 

16.0 
1.6 

B22í 43 -66 0.0 

B21tb 71 -91 3.1 Buff tuffb All 0 -10 1.3 

B22tb 91 -140 1.6 Al2 10 -25 0.0 

B3tb 
140-198 3.3 

McKenzie A11 0 -15 3.5 
Walla Walla Alp 0 -18 1.7 Riverb Al2 15 -25 4.4 
silt loama C11 86 -127 3. 1 A3 25 -43 1.7 

557 -28 -5 C13 
168 -193 1.1 B1 43 -69 0.0 

Condon A 0 -10 5.3 
silt loama B2 

P 
10 -20 5.0 

S57 -33 -12 B22 20 -35 7.7 
B3 35 -48 6.6 

Condon A 0 -18 1.2 
silt loam 

P 
B1 18 -35 1.6 

S57 -11 -1 B2 
35 -51 .7 

B3 51 -79 .4 

Unit 82 A 0 -15 4.8 
B1 15 -35 2. 1 

B2 35-51 .4 

aMayers, 1964 

bPaeth, 1970 
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APPENDIX II 

SOIL PROFILE DESCRIPTIONS AND MECHANICAL ANALYSES 

Descriptions are presented in the order in which they appear in the text. 

Honeygrove clay - Benton Co. 

Location: The site is in the SE1 /4, SWIM, Sec. 5, T14S, R7W, W.M., about 1 -1/2 miles east 

southeast of Alsea, Oregon. The profile was taken from the east side of the northeast sloping 

drainageway, about 600 ft. below the ridge. The site is at the boundary between the timber 

and fern areas. 

Description by J. F. Corliss and S. Rojanasoonthon, September 16, 1960; taken from 

Roj anasoonthon, 1963. 

Parent material: Old residuum and colluvium from Tyee sandstone. 

Topography: Mountainous, upland with 18 %_gentle northeast slope; elevation 850 ft. (259 m). The 

profile was developed on an old, stable slump area. 

Drainage: Well drained; moist when sampled and described. 

Vegetation: The main species at the site are salal, bracken fern, few vine maple, and grasses with 

a stand of Douglas -fir and big -leaf maple forest nearby. 

Soil Profile 

Horizon Description 

A00 2 -1/2 -0 cm Few partly decomposed fern stems, mostly litter from current year, 

about 30% moss cover. 

A 11 0 -13 cm Black to very dark brown (10YR 2.5/1.5 moist); clay; moderate fine to 

very fine subangular blocky structure; friable, slightly sticky, plastic; 
common interstitial pores; few medium shot (4 mm); many roots; lower 

boundary clear and smooth; pH 5.8. 

Al2 13 -25 cm Very dark brown (9YR 2/2 moist) with some dark brown (7.5YR 3/2 
moist); clay; moderate very fine subangular blocky structure; friable, 

sticky, plastic; common interstitial pores; many roots; lower boundary 

clear and smooth; pH 5.8. 

A3 25-41 cm Dark brown (6YR 3/3 moist); clay; moderate very fine subangular blocky 

structure; friable, sticky, plastic; few interstitial pores; common roots; 

lower boundary clear and smooth; pH 5. 8. 

B11 41 -56 cm Dark brown (6YR 3.5/3 moist); clay; moderate very fine and fine 

subangular blocky structure; friable, sticky, plastic, thin discontinuous 

clay films; 3% medium shot (2 to 5 mm); few medium pores (2 to 5 

mm); few roots; lower boundary gradual and smooth; pH 5.8. 
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Horizon Description 

B12 56 -71 cm Dark brown (6YR 3.5/3 moist); clay; moderate very fine to fine sub - 
angular blocky structure; friable to firm, sticky, plastic; thin discon- 

tinuous clay films; 3% medium shot (2 to 5 mm); few medium pores 

(2 to 5 mm); few roots; lower boundary gradual and smooth; pH 5.8. 

Dark reddish brown (5YR 3/3 moist); silty clay to clay; moderate very 

fine subangular blocky structure; very friable to friable, slightly sticky, 

plastic; thin discontinuous clay films; few medium pores (2 to 5 mm); 

few roots; lower boundary diffuse and smooth; pH 5.9. 

Dark reddish brown to reddish brown (SYR 3. 5/3 moist); clay; moderate 
fine to very fine subangular blocky structure; friable; slightly sticky, 

plastic; thin discontinuous clay films; few medium pores (2 to 5 mm); 

sparse roots; lower boundary diffuse and smooth; pH 5.7. 

Dark reddish brown to reddish brown (SYR 3. 5/3 moist); clay; weak very 

fine subangular blocky structure; friable, slightly sticky, plastic; thin 
discontinuous clay films; few medium pores (2 to 5 mm); few iron and 

manganese coatings on ped surfaces; sparse roots; lower boundary diffuse 

and smooth; pH 5.7. 

Reddish brown (5YR 4/4 moist); clay; weak very fine angular blocky 

structure; friable, sticky, plastic; thin discontinuous clay films; 4% 

medium shot (2 to 5 mm); few medium pores (2 to 5 mm); few to 

common iron and manganese coatings on ped surfaces; sparse roots; 

lower boundary clear and wavy; pH 5.6. 

Strong brown (7.5YR 5/6 moist) with yellowish red streaks (5YR 4/8 
moist), streaky mottles 4 to 10 mm in size; clay; weak very fine 
angular blocky structure to massive; friable, sticky, plastic; few thin 
discontinuous clay films; 2% medium shot (2 to 5 mm); few fine pores 

(1 to 2 mm); sparse roots; pH 5.6. 

B21 71 -89 cm 

B22 89 -119 cm 

B23 119 -142 cm 

B24 142 -180 cm 

B3 180 -249 cm 

Sand Silt Clay Organic matter 
Horizon ( %) ( %) ( %) ( %) 

All 18.6 37.8 43.6 8.8 

Al2 17.5 37.8 44.8 6.0 

A3 15.6 32.6 51.8 3.4 

B11 16.1 33.1 50.8 2.4 
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Digger gravelly loam - Benton Co. 

location: The site is in the SW1 /4, SW1 /4, Sec. 5, T14S, R7W about 1 -1/2 miles east southeast of 

Alsea, Oregon. The profile was taken from the steep sideslope about 50 ft. from the bend on 

the old east -west track along the ridge. The site is on the backslope of the ridge and about 

700 ft. from the FP -R profile. 

Description by J. F. Corliss and S. Rojanasoonthon, September 30, 1960; taken from Rojanasoonthon, 

1963. 

Parent material: Residuum and colluvium from Tyee sandstone. 

Topography: Mountainous, upland with smooth 55% south slope; elevation 900 ft. (275 m). 

Drainage: Well drained; moist when sampled and described. 

Vegetation: Dominantly Douglas -fir forest with few chinquapin and big -leaf maple. The understory 

species are mixed shrubs and herbs of snowberry, wild rose, ocean spray, western hazel, 

bracken fern, vanilla leaf, grasses, moss, sword fern, wild strawberry, Oregon bedstraw, 

large twisted -stalk and American twinflower. 

Soil Profile 

Horizon Description 

A00 1.5 -0 cm Mostly fir needles and twigs. 

Al 0 -15 cm Dark greyish brown to very dark greyish brown (10YR 4/2 to 3/2 moist), 

light brownish gray (10YR 6/2 dry); clay loam; moderate fine and very 

fine subangular blocky and granular structure; hard, slightly sticky, 

slightly plastic; few very fine tubular pores; 10% rock fragments; 

common roots; lower boundary clear and smooth; pH 5.9. 

A3 15 -35 cm Dark brown to brown (10YR 4/3 moist), light grey (10YR 7/2 dry); clay 

loam; moderate very fine subangular blocky structure; hard, slightly 

sticky, slightly plastic; few possibly thin clay films; few very fine 

tubular pores; 10% rock fragments; very fine manganese concretions; 
few clean quartz grains; few patchy streaks of silt; common roots; lower 

boundary clear and smooth; pH 5. 8. 

B2 35 -63 cm Dark brown to brown (7.5YR 4/4 moist); clay loam; moderate very fine 

subangular blocky structure; friable, sticky, plastic; thin continuous clay 
films; few very fine tubular pores; 10% rock fragments; few roots; lower 

boundary clear and irregular; pH 5.6. 

C 63 -109 cm Strong brown (7. SYR 4/6 moist); clay loam; massive; firm, sticky, 

plastic; thin continuous clay films; few fine pores; few root channels; 

85% sandstone fragments sparse roots; pH 5.8. 

Dr 109 -134 cm Weathered, fractured Tyee sandstone, with tongues of B horizon in 

cracks and openings. 
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Sand Silt Clay Organic matter Bulk 

Horizon % i_sa (%) ( %) density 

Al 34.3 37.9 27.8 4.1 1.0 

A3 33.4 36.5 30.1 3.4 1.2 

B2. 34.1 36.2 29.8 1.3 

B3 39.7 30.0 30.4 .7 



136 

Blachly clay loam - Lane Co. 

Location: The site is in the SW1 /4, NW1 /4, Sec. 22, T15S, R8W, W.M., about nine miles south 

southwest of Alsea, Oregon. The profile was taken from the back of the slump on the west 

side of the Upper Lobster Creek spur logging road, near the landing at the east end of the ridge. 

Description by E; G. Knox, J. F. Corliss and S. Rojanasoonthon, September 29, 1960; taken from 

Rojanasoonthon, 1963. 

Parent materials: Old residuum and colluvium from Tyee sandstone. 

Topography: Mountainous, upland with complex 15% southeast slope; elevation 1650 ft. (503 m). 

The profile was developed on an old stable slump area. 

Drainage: Well drained; moist when sampled and described. 

Vegetation: Burned over Douglas -fir forest with minor amount of hemlock, cherry, western red cedar, 

willow, big -leaf maple and alder. The understory species are mixed shrubs and herbs of 

thimbleberry, elderberry, red flowering currant, sword fern, blackberry, red huckleberry, and 

bracken fern. 

Soil Profile 

Horizon Description 

AO 3 -0 cm Fermentation layer of needles, small branches, cones and deciduous 

leaves. 

Al 0 -25 cm Dark brown (7.5YR 3/2 moist), brown (10YR 4/3 dry); clay loam; 

strong fine and medium granular structure; soft (individual ped slightly 
hard), friable, slightly sticky, slightly plastic; many fine interstitial 
pores; 5% rock fragments; few charcoal fragments; many roots; lower 

boundary clear and irregular with 8 to 10 inches tongues into B horizon; 

pH 5.6. 

B11 25 -51 cm Dark reddish brown (5YR 3/4 moist), reddish brown (5YR 4/4 dry); clay; 

moderate fine subangular blocky structure; slightly hard, friable, sticky, 

plastic; patchy thin shiny ped surfaces; many very fine tubular pores 

(20 per sq. in. ); common clean quartz grains on ped surfaces; common 

charcoal fragments; many roots; lower boundary clear and wavy with 

tongue of A horizon; pH 6.0. 

B12 51 -79 cm Dark reddish brown (2.5YR 3/4 moist), reddish brown (5YR 4/4 dry); 

clay; moderate medium to fine subangular blocky structure; slightly 
hard, friable, sticky, plastic; many thin shiny ped surfaces; common 

clean quartz grains on ped surfaces; common very fine tubular pores 

(10 per sq. in. ); common charcoal fragments; common roots; lower 

boundary clear and wavy; pH 5.7. 

B21 79 -112 cm Dark red (2.5YR 3/6 moist), yellowish red (5YR 4/6 dry); clay; 
moderate coarse to fine subangular blocky structure; hard, firm, sticky, 

plastic; nearly continuous shiny ped surfaces; common very fine 

tubular pores (10 per sq. in. ); common clean quartz grains on ped 
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Horizon Description 

surfaces; sparse charcoal fragments; few roots; lower boundary gradual 

and smooth; pH 5.7. 

B22 112 -134 cm Dark red (2.5YR 3/6 moist), yellowish red (5YR 4/6 dry); clay; 

moderate medium to fine subangular blocky structure; firm, sticky, 

plastic; nearly continuous shiny ped surfaces; few small slickensides; 

few small clay rills on ped surfaces; common very fine tubular pores 

(10 per sq. in. ); clean quartz grains on ped surfaces; sparse roots; lower 

boundary gradual and smooth; pH 5.6. 

B23 134 -198 cm Dark red (2.5YR 3/6 moist), yellowish red (5YR 4/6 dry); clay; 

moderate medium to fine subangular blocky structure; firm, very sticky, 

very plastic; continuous shiny ped surfaces; few thin clay skins; common 

very fine tubular pores (10 per sq. in. ); common clean quartz grains on 

ped surfaces; sparse roots; lower boundary gradual and smooth; pH 5.6. 

B3 198 -238 cm Dark reddish brown (5YR 3/4 moist) with dark brown (7. SYR 4/4 moist) 

streaks; clay; moderate to weak medium subangular blocky structure; 

firm, sticky, plastic; continuous shiny ped surfaces; common thin clay 

skins; few very fine tubular pores (five per sq. in. ); common clean 

quartz grains on ped surfaces; pH 5.7. 

Dr 238 -289 cm Strongly weathered micaceous, fine -grained sandstone; yellowish brown 

(10YR 5/6 moist) to very pale brown (10YR 7/4 dry); extremely hard, 

very firm; thick, red continuous clay coating along fracture surfaces 

of the rock. 

Horizon 

Al 

B11 

B12 

B21 

Sand 

í%l. 
Silt 
L). 

Clay 
26 

Organic matter 
( %) 

Bulk 
density 

27.6 39.5 33.1 12.0 0.74 

15.5 28.1 54.9 2.4 

14.8 26.4 58.7 1.7 

14.8 22.4 64.6 1.0 0.97 
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Bohannon gravelly loam - Lane Co. 

Location: The site is about nine miles south southwest of Alsea in the SW1 /4, NW1 /4, Sec. 22, 

T15S, R8W, W.M. The profile was taken along the Upper Lobster Creek spur logging road 

about 200 ft. west of the comer where the road leaves the bench and cuts across the steep 

south facing slope. This site is about 250 ft. west of the PP -R profile. 

Description: J. F. Corliss and S. Rojanasoonthon, September 30, 1960; taken from Rojanasoonthon, 

1963. 

Parent material: Residuum and colluvium from weathered Tyee sandstone. 

Topography: Mountainous, upland with 20% south slope; elevation 1650 ft. (503 m). 

Drainage: Well drained, moist when sampled and described. 

Vegetation: Burned over Douglas -fir forest with minor amount of hemlock, cherry, western red 

cedar, willow, big -leaf maple and alder. The understory species are mixed shrubs and herbs 

of thimbleberry, elderberry, red flowering currant, sword fern, trailing blackberry, red 

huckleberry and bracken fern. 

Soil Profile 

Horizon Description 

A00 1 -0 cm Intermittent horizon of freshly fallen needles and fern fronds. 

Al 0 -10 cm Dark yellowish brown (10YR 3/4 moist), brown (10YR 5/3 dry); 

gravelly loam; moderate very fine granular structure; friable, non - 

sticky, nonplastic; fine many and very fine interstitial pores; 15% rock 

fragments (gravel size); common roots; lower boundary abrupt and 

smooth; pH 5.9. 

A3 10 -28 cm Dark brown (7.5YR'.3/2 moist), greyish brown (10YR 5/2 dry); gravelly 

loam; moderate very fine subangular blocky structure; friable, slightly 

sticky, slightly plastic; common fine and very fine interstitial pores; 

20% rock fragments (gravel size); common roots; lower boundary clear 
and smooth; pH 6.0. 

B2 28 -43 cm Dark brown (7.5YR 3/3 moist); gravelly loam; moderate very fine sub - 
angular blocky structure; friable, slightly sticky, plastic; few thin 
patchy ped coating along few very fine tubular pores; 30% rock frag- 
ments (gravel size); common roots; lower boundary clear and smooth; 

pH 6.0. 

B3 43 -61 cm Dark brown (7.5YR 4/4 moist); gravelly loam; weak very fine sub - 

angular blocky structure to massive; friable, slightly sticky, slightly 

plastic; few thin patchy ped coatings along few very fine tubular pores; 

20% rock fragments (gravel size); common roots; lower boundary clear 
and irregular; pH 6. 0. 

C and 61 -148 cm Dark yellowish brown (10YR 4/4 moist), light yellowish brown (10YR 

Dr 6/4 dry); gravelly loam; massive; friable, slightly sticky, slightly 
plastic; few thin patchy coating on walls of common fine tubular pores; 
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Dr 148 -305 cm 
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lower boundary clear and broken; pH 5.8. The C horizon described 

above is intermittent in that it is found only in fractures between large 

sandstone blocks in place (Dr). The soil material accounts for about 

20% of the horizon. The soil material itself contains few roots and 30% 

rock fragments (gravel size). 

Weathered Tyee sandstone with thin, clayey intercalations. The rock 

is slightly fractured and soil "fillings" in these fractures are rare. 

Sand Silt Clay Organic matter Bulk 
Horizon 

( %) ( %) %) ( %) density 

Al 45.7 28.2 24.7 7.8 0.93 

A3 49.0 32.4 18.5 4.9 

B2 51.6 29.4 19.5 2.7 1.01 

B3 48.6 30.0 21.4 1.7 

j 
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Blachly clay - Lincoln Co. 

Location: The site is in the SE1 /4, SE1 /4, Sec. 5, T14S, R1OW, W.M., about 15 miles east south- 

east of Waldport, Oregon. The profile was taken from the south side of the Red Creek road 

(off Canal Creek road), at the west end of the filled narrow saddle (about. 300 ft. west,of the 

Forest Service gate). 

Description: E. G. Knox and S. Rojanasoonthon, October 31, 1960; taken from Rojanasoonthon, 

1963. 

Parent material: Old residuum and colluvium from Tyee sandstone. 

Topography: Mountainous, upland ridge top with 8% SW slope; elevation 650 ft, (198 m). The profile 

developed on an old, stable saddle area. 

Drainage: Well drained; moist when sampled and described. 

Vegetation: Cut and burned Douglas -fir forest. The species present are willow, cherry, bracken fern, 

trailing blackberry, salmonberry, thimbleberry and sword fern. 

Soil Profile 

Horizon Description 

Al 0-15 cm Dark reddish brown (5YR 3/3 moist); clay; strong fine to moderate 

medium granular structure; very friable, slightly sticky, slightly 

plastic; many fine interstitial pores; many roots; lower boundary clear 

and wavy; pH 5.4. 

A3 15 -30 cm Dark reddish brown (SYR 3/3 moist); clay; moderate medium to very 

fine subangular blocky structure; friable, sticky, plastic; many very 

fine tubular pores (30 per sq. in. ); many roots; lower boundary gradual 

and smooth; pH 5.3, 

Dark reddish brown (5YR 3/4 moist); clay; weak medium to moderate 

fine subangular blocky structure; friable, sticky, plastic; many very 

fine tubular pores (30 per sq. in. ); common thin, small ped coatings; 

common mots; lower boundary gradual and wavy; pH 5.5. 

Dark reddish brown (SYR 3/4 moist); clay; moderate fine subangular 

blocky structure; firm, sticky, plastic; continuous smooth ped coatings, 

possibly some oriented clay ( ?); common very fine tubular pores (15 

per sq. in. ); S% rock fragments; common roots; lower boundary gradual 

and smooth; pH 6. 1, 

Dark reddish brown (SYR 3/4 moist); clay; moderate medium sub - 
angular blocky structure; firm, very sticky, plastic; continuous smooth 

ped coatings, possibly oriented clay skins; few clean sand grains; 

common very fine tubular pores (10 per sq. in. ); 5% rock fragments; few 

roots; lower boundary gradual and smooth; pH 6, 0, 

Dark reddish brown (5YR 3/4 moist); clay; moderate medium subangular 

blocky structure; firm, very sticky, plastic; common thin clay skins; 

common very fine tubular pores (15 per sq. in. ); few clean sand grains; 

B1 30 -79 cm 

B21 79 -122 cm 

B22 122 -168 cm 

B23 168 -198 cm 



Horizon 

B3 198-234 cm + 

Horizon 

Al 

A3 

Bl 

B21 
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Description 

5% rock fragments; few roots; lower boundary gradual and smooth; 

pH 5.7. 

Yellowish red (5YR 5/6 moist), (5YR 4/6) when crushed, with reddish 

brown (5YR 4/4 moist) clay; skins; weak coarse subangular blocky 

structure; firm, slightly sticky, slightly plastic; common thin clay 

skins; many very fine tubular pores (25 per sq. in. ); common clean 

sand grains; 30% rock fragments; few roots; pH 5.6. 

Sand Silt Clay Organic matter Bulk 

( %) ( %) ( %) ( %) density 

11.0 32.2 57.7 15.0 

10.6 31.8 57.5 12.0 

10.6 30.3 59.2 4.7 0.87 

10.4 28.4 60.7 1.1 
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Bohannon clay - Lincoln Co. 

Location: The site is in the SE1 /4, SE1 /4, Sec. 5, T14S, R10W, W.M., about 15 miles east south- 

east of Waldport, Oregon. The profile was taken from the north side of the Red Creek road 

(off Canal Creek road), at the east end of the filled narrow saddle. The site is about 600 ft. 

northeast of RC -R profile. 

Description: E. G. Knox and S. Rojanasoonthon, October 31, 1960; taken from Rojanasoonthon, 
1963. 

Parent material: Residuum and colluvium Tyee sandstone. 

Topography: Mountainous, upland, near the top of the ridge, with 40% west slope; elevation 650 ft. 

(198 m). 

Drainage: Well drained, moist when sampled and described. 

Vegetation: Cut and burned Douglas -fir forest. The species present are vine maple, sword fern, 

salai, salmonberry, thimbleberry, red huckleberry and Oregon grape. 

Soil Profile 

Horizon Description 

A 1 1 0 -18 cm Very dark brown (10YR 2/3 moist); clay loam; strong fine granular 

structure; very friable, slightly sticky, slightly plastic; 5 to 10% rock 

fragments (gravel size), many roots; lower boundary clear and wavy; 

pH 5.8. 

Al2 18 -40 cm Dark brown (10YR 3/3 moist); clay loam; strong fine and moderate very 

fine subangular blocky structure; friable, slightly plastic, slightly 
sticky; many very fine interstitial and tubular pores; 15% rock fragments 

(gravel size); many roots; lower boundary gradual and smooth; pH 5.7. 

B2 40 -71 cm Dark yellow brown (10YR 4/4 moist); loam; moderate medium sub - 
angular blocky structure; friable, slightly sticky, plastic; few very fine 

tubular pores (five per sq. in. ); 25% rock fragments (gravel size); many 

roots; lower boundary clear and wavy; pH 5.4. 

C and 71 -114 cm Strong brown (7.5YR 5/8 moist) and light reddish brown (2.5YR 6/3 

Dr moist), with yellowish brown (10YR 5/6 moist); coatings on rock frag- 
ments, few roots; weathered Tyee sandstone, fractured, very fine to 

extremely fine. 
The C horizon described above is intermittent in that it is found only in 

fractures between sandstone blocks in place (Dr), and soil material 
accounts for about 20 to 30% of the horizon. 

Horizon 

All 
Al2 
B2 

C -Dr 

Sand Silt Clay Organic matter Bulk 

M (%) (%) (%) density 

37.8 33.4 28.9 12.2 

39.5 32.6 28.9 8.0 0.75 
48.1 30.4 21.5 2.9 0.90 
52.8 34.3 12.9 

- 
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McKenzie River (propose4 serie$L 

Location: SE1 /4, NE1 /4, Sec. 28, T1SS, RSE; H. J. Andrews Experimental Forest, Willamette 

National Forest, Lane Co., Oregon. 

Description by: R. C. Paeth (taken from Paeth, 1970). 

Parent material: Little Butte Volcanic Series and Sardine Formation. 

Drainage: good. Elevation: 2100 ft. 

Vegetation: Douglas -fir is predominant, with some western hemlock and western red cedar and yew. 

Climate: Average January temperature. is 35°F, average July temperature is 69°F. Average annual 

precipitation is 94 in. 

Classification: Typic Haplohumults; clayey, mixed, mesic. 

Soil Profile 

Horizon Description 

01 7 -0 cm Decomposed leaves, twigs, and needles. 

A11 - 0 -15 cm Dark brown (7.5YR 3/3) very gravelly loam, brown (7. SYR 5/3 dry); 

strong medium, fine and very fine granular structure; slightly hard, 

friable, slightly sticky, slightly plastic; many roots; many medium 

and fine interstitial pores; 60% fine gravel and spherical shot; medium 

acid (pH 6.0); gradual smooth boundary. 

Al2 15 -25 cm Dark brown (7.5YR 3/3) very gravelly loam, brown (7. SYR 5/3) dry; 

strong medium, fine and very fine granular structure; slightly hard, 

friable, slightly sticky, slightly plastic; many roots; many fine and 

medium interstitial pores; 50% fine gravel and spherical shot; medium 

acid (pH 5.9); gradual smooth boundary. 

A3 25 -43 cm Dark brown (7.5YR 3/4) silty clay loam, brown (7.5YR 5/4) dry; 

moderate medium and fine subangular blocky structure; slightly hard, 

friable, slightly sticky, plastic; many roots; many fine and medium 

interstitial pores; medium acid (pH 5.9); gradual smooth boundary. 

Bl 43 -69 cm Dark brown (7.5YR 3/4) silty clay loam, brown (7. SYR 5/4) dry; weak 

medium subangular blocky structure breaking into moderate very fine 

subangular blocky structure; slightly hard, friable, sticky, plastic; 

common roots; many fine and very fine tubular pores; medium acid 

(pH 5.9); gradual smooth boundary. 

B2lt 104 -150 cm Dark brown (7. SYR 4/4) silty clay, reddish yellow (7.5YR 6/6) dry; 

moderate medium subangular blocky structure breaking into moderate 

very fine subangular blocky structure; common roots; many fine 

tubular pores; thin patchy clay films on vertical and horizontal ped 

surfaces; medium acid (pH 5.6); clear wavy boundary. 

B3 150 -198 cm Dark brown (9YR 4/4) very gravelly clay loam, reddish yellow 

(9YR 6/6) dry; weak medium subangular blocky structure breaking into 
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Horizon Description 

weak very fine subangular blocky structure; few roots; many fine 

tubular pores; moderate patchy clay films on vertical and horizontal ped 

surfaces; 50% gravel -sized fragments of soft tuff and breccia; strongly 

acid (pH 5.4). 

Horizon Sand Silt Clay Organic matter 
(36) ( %) ( %) 

A 1l 

(.%a 

30.6 43.0 26.3 4.6 

Al2 27.6 43.0 29.2 3.4 

A3 25.8 44.8 29.3 1.6 

131 16.5 49.1 34.3 1.0 

B21t 12.9 46.4 40.6 .2 

B22t 12.9 45.9 41.0 .4 

B3 14.1 51.8 34.0 .3 
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Slipout (proposed series) 

Location: SE1 /4, SE1 /4, Sec. 21, TOSS, RSE; H. J. Andrews Experimental Forest, Willamette 

National Forest, Lane Co., Oregon. 

Description: R. C. Paeth (taken from Paeth, 1970). 

Parent material: Sardine Formation (greenish tuffs and breccias). 

Drainage: Somewhat poorly drained. Elevation: 2500 ft. 

Vegetation: Douglas -fir, with varying amounts of western hemlock and western red cedar. 

Climate: Average January temperature is 35°F, average July temperature is 69°F. Average annual 

precipitation is 94 in. 

Classification: Typic Argiaquolls and Typic Haplumbrepts; clayey, montmorillonitic, mesic. 

Soil Profile 

Horizon Description 

A11 0 -10 cm Very dark gray brown (10YR 3/2) loam, gray brown (10YR 5/2) dry; 

moderate fine granular and medium very fine subangular blocky struc- 

ture; slightly hard, friable, slightly sticky, slightly plastic; many roots; 

many fine and very fine interstitial pores; 15% fine gravel and spherical 

shot; medium acid (pH 5.6); clear wavy boundary. 

Al2 10 -30 cm Very dark gray brown (2. SYR 3/2) clay loam, gray brown (10YR 5/2) 

dry; weak medium subangular blocky structure breaking into moderate 

very fine subangular blocky structure; hard, friable, sticky, plastic; 

many roots; many very fine tubular pores; strongly acid (pH 5.3); 
clear wavy boundary. 

B21 30 -69 cm Olive brown (2. SYR 3.5 /4)silty clay, light yellowish brown (2.5YR 

6/4) dry; moderate medium fine and very fine subangular blocky 

structure; hard, firm, sticky, plastic; common roots; many very fine 

and common coarse and medium tubular pores; few soft breccia frag- 

ments; very strongly acid (pH 4.9); gradual wavy boundary. 

B22 69 -91 cm Light olive brown (2. SYR 5 " /3)silty clay, light yellowish brown (2.5YR 
6/3) dry; weak medium fine and very fine subangular blocky structure; 
hard, firm, sticky, plastic; common roots; many very fine tubular 

pores; very strongly acid (pH 4.8); clear wavy boundary. 

B3 91 -130 cm Olive (2.5YR 5/3) silty clay, pale yellow (2.5YR 7/4) dry; weak 

medium, fine and very fine subangular blocky structure; hard, friable, 

sticky, plastic; few roots; many fine and very fine tubular pores; 

common distinct mottles; very strongly acid (pH 5.0); clear wavy 

boundary. 

C 130 -198 cm Pale olive (2.5YR 6/3) silty clay loam, very pale brown (10YR 7/5) 

dry; weak medium, fine and very fine subangular blocky structure; hard, 

friable, slightly sticky, plastic; few roots; many fine and very fine 
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Horizon Description 

tubular pores; common distinct mottles; common breccia fragments; 

very strongly acid (pH 5.0). 

Sand Silt Clay Organic matter 
Horizon 

(%) la (%1 (%) 

All 28, 3 42.7 28.9 6.5 

Al2 22.1 32.8 45.5 1.5 

B21 20.8 30.7 48.4 .7 

B22 27.3 35.6 36,9 .6 

B3 32.5 39.4 28.0 ,2 

C 24.6 39.5 35.8 .4 
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Buff tuff 

Location: SE1 /4, SE1 /4, Sec. 30, T17S, R3E; H. J. Andrews Experimental Forest, Willamette 

National Forest, Lane Co., Oregon. 

Description: R. C. Paeth (taken from Paeth, 1970). 

Parent material: Little Butte Volcanic Series (tuffs). 

Drainage: Good. Elevation: 2500 ft. 

Vegetation: Douglas -fir is predominant, with some western hemlock and western red cedar. 

Climate: Precipitation averages 94 in. annually. Average January temperature is 35oF; average July 

temperature is 69°F. 

Classification: Typic Hapludalfs and Typic Haplohumults; fine loamy, mixed, mesic. 

Soil Profile 

Horizon Description 

A11 0 -10 cm Dark brown (10YR 3 /3)gravelly loam, brown (10YR 5/3) dry; moderate 

medium and fine granular structure; slightly hard, friable, slightly 
sticky, nonplastic; many roots; many interstitial pores; 25% spherical 

shot and 10% gravel and stone -sized fragments of andesite; strongly 

acid (pH 5.5); clear wavy boundary. 

Al2 10 -21 cm Dark yellowish brown (9YR 4/4) silt loam, light yellowish brown (9YR 

6/4) dry; moderate medium and fine subangular blocky structure; many 

roots; many fine tubular pores; 15% gravel -sized fragments of tuff and 

andesite; strongly acid (pH 5.5); clear wavy boundary. 

Bl 21 -58 cm Yellowish brown (9YR 5/4) heavy silt loam, light yellowish brown 

(10YR 6/4) dry; moderate medium and fine subangular blocky structure; 

slightly hard, friable, slightly sticky, slightly plastic; common roots; 

many fine and medium pores; 10% gravel -sized fragments of tuff and 

andesite; strongly acid (pH 5. 1); clear wavy boundary. 

IIB2lt 58-69 cm Dark brown (7.5YR 4/4) clay loam, reddish yellow (7.5YR 6/6) dry; 

moderate medium and fine subangular blocky structure; hard, friable, 

sticky, plastic; common roots; many fine and medium tubular pores; 

thin patchy clay films in pores and on some vertical and horizontal 

ped faces; 10% cobble -sized fragments of tuff; strongly acid (pH 5. 1); 

gradual wavy boundary. 

IIIB22t 69 -155 cm Dark brown (7.5YR 4/4) silty clay loam, light brown (7. SYR 6/5) dry; 

moderate medium and fine subangular blocky structure; hard, firm, 

sticky, plastic; common roots; many fine and medium tubular pores; 

moderate patchy clay films in pores and on vertical and horizontal 

ped faces; occasional gravel -sized fragments of tuff; strongly acid 

(pH 5.3); gradual wavy boundary. 



Horizon Description 

IIIB3t 155-224 cm 

Horizon 

All 

Al2 

BI 

IIB21t 

IIIB22t 

IIIB3t 
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Dark brown (7.5YR 4/6) silty clay loam, light brown (7.5YR 6/5) dry; 

moderate medium subangular blocky structure; hard, firm, sticky, 

plastic; few roots; many fine and medium tubular pores; common 

splotches of MnO2; 15% fragments of tuff; strongly acid (pH 5.4). 

Sand Silt Clay Organic matter 

28.1 49.6 22.2 3.0 

31.6 44.7 23.6 1.3 

23.0 51.4 25.5 .7 

27.2 47.3 25.4 .5 

23.4 45.3 31.2 .3 

27.5 40,3 32.0 .2 

ILLS ( %) LZ (%) 
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Budworm (proposed series) 

Location: NE1 /4, NE1 /4, Sec. 22, T15S, R5E; H. J. Andrews Experimental Forest, Willamette 
National Forest, Lane Co., Oregon. 

Description: R. C. Paeth (taken from Paeth, 1970). 

Parent Material: Sardine Formation (greenish tuffs and breccias). 

Drainage: Moderately well drained. Elevation: 2400 ft. 

Vegetation; Douglas -fir is predominant, with some western hemlock and western red cedar. 

Climate: Average January temperature is 35oF, average July temperature is 69oF, Average annual 

precipitation is 94 in. 

Classification: Ultic and Typic Hapludalfs; clayey, montmorillonitic, mesic. 

Soil Profile 

Horizon Description 

01 1 -0 cm Twigs, needles, and leaves. 

All 0 -13 cm Very dark brown (10YR 2/2) gravelly loam, gray brown (10YR 5/2) 
dry; moderate fine and very fine granular structure; slightly hard, 

friable, slightly sticky, slightly plastic; many roots; many fine inter- 
stitial pores; 30% fine gravel; strongly acid (pH 5.3); clear smooth 

boundary. 

Al2 13 -25 cm Very dark gray brown (10YR 3/2) gravelly clay loam, gray brown (10YR 

5/2) dry; weak fine and very fine subangular blocky structure; hard, 

friable, slightly sticky, plastic; many roots; many fine interstitial pores; 

25% gravel; medium acid (pH 5.6); clear smooth boundary. 

B21t 25 -43 cm Olive brown (2.5YR 4/3) clay, pale brown (10YR 6/3) dry; moderate 
medium and fine subangular blocky structure; hard, firm, sticky, 

plastic; common roots; common very fine tubular pores; thin patchy 
clay skins on vertical and horizontal ped surfaces; 10% gravel; strongly 

acid (pH 5.4); gradual wavy boundary. 

B22t 43 -66 cm Olive brown (2.5YR 4/3) clay, pale brown (10YR 6/3) dry, moderate 

medium and fine subangular blocky structure; hard, firm, sticky, 

plastic; common roots; common very fine tubular pores; moderate 
patchy clay films on vertical and horizontal ped surfaces; 15% soft 

breccia fragments; strongly acid (pH 5.4); gradual smooth boundary. 

B3 66 -86 cm Olive brown (2. SYR 4/3) clay, pale brown (10YR 6/3) dry; weak 

medium and fine subangular blocky structure; slightly hard, firm, 

sticky, plastic; common roots; common very fine tubular pores; 20% 

soft fragments of breccia; strongly acid (pH 5,4); abrupt wavy boundary. 
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Horizon Description 

IIC 86 -152 cm Light olive brown (2.5YR 5/3) silty clay loam, light gray (2.4YR 7/3) 

dry; weak medium subangular blocky structure; slightly hard, firm, 

sticky, plastic; few roots; common fine and very fine tubular pores; 

25% soft fragments of breccia; strongly acid (pH 5.2). 

Horizon 

A 1 1 

Al2 

B21t 

B22t 

B3 

IIC 

Sand Silt Clay Organic matter 

(6) (%) % ( %) 

36.4 30,4 33.0 3.4 

35.2 28.9 35.8 1,5 

24.4 22.5 52.9 1.0 

23. 1 24,0 52.8 1.0 

19.9 28.1 51.9 .7 

24.5 43.9 31.5 1.1 

( 
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Walla Walla silt loam LS57 -28 -5) 

Location: SE1 /4, SW1 /4, Sec. 25, TiN, R16E, 85 ft, west of road curve, 15 ft. north of section line, 

about four miles NW of Moro, Sherman Co., Oregon. 

Description: R. W. Mayko; taken from Field and Laboratory Studies of Soils in Wasco, Sherman, and 

Gilliam Counties, Soil Conservation Service, USDA, Riverside, California, 1959. 

Parent Material; Loess. 

Drainage: Well drained. Internal drainage is medium, runoff is medium to rapid. Permeability 

throughout the solum is moderate. Elevation: About 2000 ft. 

Vegetation: Bunchgrasses prior to cultivation to wheat. 

Climate: The average annual precipitation at Moro is 11. 13 in. The average January temperature 
is 30 °F, the average July temperature is 69 °F, with a mean annual temperature of 49.5°F. 

The average frost -free season is 165 days. About 70% of the annual precipitation occurs from 

October through March. The sample site is probably midway in precipitation between the 

Moro and Wasco stations. The average annual precipitation at Wasco is 11.86 in. 

Relief: Rolling upland plateau. About 8% gradient with N 15° E exposure. 

Use: Wheat, in stubble. 

Reaction: Measure of free carbonates obtained by observing reaction to dilute HCI; pH was not 

determined. 

Soil Profile 

Horizon Description 

Alp 0 -18 cm Grayish brown (10YR 5/2) dry, very dark brown (10YR 2/2) moist, silt 

loam; weak thin platy breaking to weak fine granular; friable, slightly 

sticky, slightly plastic; abundant roots, many very fine and fine pores; 

abrupt wavy boundary. 

Al2 18 -43 cm Very dark grayish brown (10YR 3/2) moist, silt loam; weak coarse 

prismatic breaking to weak medium subangular blocky structure; very 

friable, slightly sticky, slightly plastic; abundant roots, many very fine 

pores; no clay flows; clear wavy boundary. 

AC1 43 -63 cm Very dark grayish brown (10YR 4/2.5) dry, dark brown (10YR 3/3) 
moist, silt loam; weak coarse prismatic breaking to weak medium to 

coarse subangular blocky; very friable, slightly sticky, slightly plastic; 

abundant roots, many very fine pores; gradual wavy boundary. 

AC2 63 -86 cm Brown (10YR 5/3) dry, dark brown (10YR 4/3) moist, light silt loam; 

very weak coarse prismatic structure; very friable, slightly sticky. 

slightly plastic; abundant roots, many very fine pores; gradual wavy 

boundary. 

C11 86 -127 cm Brown (10YR 5/3) dry, dark brown (10YR 3.5/3) moist, light silt loam; 
very weak coarse prismatic; slightly hard to hard, very friable, very 
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Horizon Description 

slightly sticky, slightly plastic; abundant roots, many very fine and fine 

pores; common gray reduction sprinkles throughout the matrix; gradual 

wavy boundary. 

C12 127 -168 cm Brown (10YR 5/3.5) dry, (10YR 4/3) moist, light silt loam; very weak 

coarse prismatic structure; slightly hard to hard, very friable, very 

slightly sticky, slightly plastic; plentiful roots, many very fine pores; 

common gray reduction sprinkles throughout the matrix; gradual wavy 

boundary. 

C13 168 -193 cm Dark brown (10YR 3.5/3) moist, light silt loam; massive; very friable, 

very slightly sticky, very slightly plastic; plentiful roots, many very 

fine pores; gradual wavy boundary. 

Horizon 
Sand 

C. 
silt 

F. 
silt 

Clay 
Organic 
matter 

Bulk 
density 

..--- ( %) ( %) °a -- T. 
Alp 29.4 38.2 19.8 12.4 2.2 1.0 

Al2 26.3 38.4 22.4 12.9 1.2 1.3 

B21 24.7 40.6 22.8 11.9 .8 1,3 

B22 24.9 40.9 22.9 11.3 .6 1.3 

C 1 27,2 41.3 20.5 11.0 .4 1.4 

C2 33,9 41.6 15.8 8.7 .2 1.4 

(( %) ( 
%) e 
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Condon silt loam (S57 -11 -1) 

Location: Gilliam Co., Oregon - SE1 /4, SE1 /4, SW1 /4, NW1 /4, Sec. 9, T4S, R21E, 175 ft. west 

of fence, 150 ft. north of Condon -Moro road; about 0. 8 mi. west of Condon city limits. 

Description: R. F. Mitchel; taken from Field and Laboratory Studies of Soils in Wasco, Sherman, and 

Gilliam Counties, Soil Conservation Service, USDA, Riverside, California, 1959. 

Parent Material: Loess, 

Drainage: Well drained; internal drainage medium; runoff medium approaching rapid when crusted; 

permeability moderate throughout solum. Elevation: 2850 ft. 

Climate: Average annual precipitation at Condon (nearest station) for 32 -year period prior to 1941 

was 11.98 in. Growing season - 120 days. Average July temperature 67.1 F, average 

January temperature 29.0°F, average length of growing season 120 days. 

Relief: Very gently sloping upland plateau. 4% slope, south aspect. 

Use: Summer fallow; wheat production. 

Soil Profile 

Horizon Description 

Ap 0 -18 cm Grayish -brown (10YR 5/2) dry, to very dark grayish -brown (10YR 

2.5/2) moist, silt loam; weak medium platy breaking to weak fine to 

medium granular; very slightly hard, friable, slightly sticky, slightly 

plastic; surface inch extremely vesicular, some angular and rounded 

basalt fragments up to 1/8 in. diameter; abrupt smooth boundary. 

B1 18-35 cm Very dark grayish -brown (10YR 3/2) moist, silt loam; weak medium to 

coarse prismatic breaking to weak medium subangular blocky; friable, 

slightly sticky, slightly plastic; some rounded and angular basalt 

fragments up to 1/8 in. diameter, many root channels less than 1 mm 

diameter, thin to moderately thick clay flows in most root channels, 

thin patchy clay flows along surfaces of prisms and on some subangular 

blocks; clear wavy boundary. 

B2 35 -51 cm Dark brown (10YR 3/2.5) moist, heavy silt loam; moderate medium to 

coarse prismatic breaking to weak medium subangular blocky; friable, 

sticky, plastic; few angular basalt fragments up to 3/4 in. diameter, 

many root channels less than 1 mm diameter; thick clay flows in 

most root channels, many patchy moderately thick clay flows along 

surfaces of prisms and subangular blocks; clear wavy boundary. 

B3 51 -79 cm Dark brown (10YR 3,5/3) moist, heavy silt loam; moderate to weak 

medium to coarse prismatic breaking to weak medium subangular 

blocky; friable, sticky, plastic; few angular basalt fragments up to one 

inch diameter, many root channels less than 1 mm diameter, thick 

clay flows in most root channels; some patchy moderately thick clay 
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Horizon Description 

flows along surfaces of most prisms and many subangular blocks; 

abrupt wavy boundary. 

Sand C. silt F. silt Clay Organic matter 
Horizon 

( %) ( %) ILLS ( %) ( %) 

Ap 13.2 33.0 36.3 17.2 1.9 

Bi 12.7 33.0 35.7 18.5 1.4 

B2 12.7 34.0 36.0 17.4 1.2 

B3 12.8 35.0 36.9 15.2 1.1 
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Condon silt loam (S57- 33 -12) 

Location: N1 /2, SW1 /4, Sec. 6, T7S, R17E, 200 ft. east of road, 1/3 mi. southeast of Shaniko, 

Oregon, Wasco Co., Oregon. 

Description: R. W. Mayko and Stanley B. McCaleb; taken from Field and Laboratory Studies of Soils 

in Wasco, Sherman, and Gilliam Counties, Soil Conservation Service, USDA, Riverside, 

California, 1959. 

Parent material: Loess. 

Drainage: Well drained. Internal drainage is medium and runoff is medium. Moderately slow 

permeability through the solum. Elevation: about 3380 ft. 

Climate: The weather station at Antelope, Oregon, is about S mi. south of the sample site. Mean 

annual precipitation at Antelope is 11, 10 in. The average January temperature is 30.6 F, 
the average July temperature is 68. 1oF, with a mean annual temperature of 49oF. The 

average frost -free season is 130 days. The sample site probably received about 1/2 in. less 

precipitation than Antelope. 

Relief: Upland plateau; nearly level with about a 1% slope. 

Vegetation: Originally in bunchgrasses, now in wheat stubble. 

Use: Abandoned wheat land. 

Soil Profile 

Horizon Description 

Alp 0 -10 cm Grayish -brown (10YR 5.5/2) dry, very dark brown (10YR 2.5/2) 
moist, silt loam; weak thin platy and weak coarse vesicular structure; 

slightly hard to hard, friable, slightly sticky, slightly plastic; 

abundant fine roots, some fine pores; clear smooth boundary. 

Al2 10 -20 cm Very dark brown (10YR 2/2) moist, heavy silt loam; weak coarse platy 

breaking to weak fine granular structure; slightly hard to hard, friable 

to firm, moderately sticky, moderately plastic; abundant fine roots, 

some fine pores; abrupt smooth boundary. 

B21 20 -35 cm Dark brown (10YR 3/3) moist, silty clay loam; weak coarse prisms 

breaking to moderate medium subangular blocks; firm, sticky and 

plastic; abundant fine roots, some fine and medium pores; with only 

the larger ones having clay flows; very dark brown thick continuous 

clay flows on prisms and blocky peds as well as thick continuous clay 

flows on interior granules in subangular blocks; abrupt smooth boundary. 

B22 35 -48 cm Dark yellowish -brown (10YR 3/4) moist, silty clay loam; weak coarse 

prisms breaking to moderate medium subangular blocks; friable to firm, 

sticky and plastic; abundant fine roots, some fine and medium pores 

with only the larger ones having clay flows; thick, continuous clay 
flows on prisms and blocky peds as well as thick continuous clay flows 

on interior granules in subangular blocks; clear smooth boundary. 
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Horizon Description 

B3 48 -53 cm Dark yellowish -brown (10YR 3.5/4) moist, silty clay loam or silty clay; 

weak fine subangular blocks; friable to firm, very sticky and plastic; 

abundant fine roots, some fine and medium pores; thick patchy clay 

flows with more disseminated clay; clear smooth boundary. 

C 53 -58 cm Dark yellowish -brown (10YR 3.5/4) moist, heavy loam; massive to 

moderate fine subangular blocks; friable, slightly sticky, slightly 

plastic; abundant fine roots, some fine pores; abrupt wavy boundary. 

D 58+ cm Basalt stones over basalt bedrock. 
Organic 

Horizon Sand C. silt F. silt Clay matter Bulk 

(%), (9) (%) ( %) % density 

A 1p 19.4 24.0 38.3 18.3 2.0 1.3 

A 12 20.0 25.1 36.4 18.5 1.8 1.3 

B21 16.4 24.8 34.7 24.1 1.4 1.3 

B22 15.3 27.4 33.8 23.5 .9 1.4 

B3 33.4 21.9 29.4 15.3 .6 

C 41.9 15.7 22.4 20.0 .6 

( 
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Wallowa silt loam (S64 -32 -1) 

Location: Wallowa Co., Oregon, NW1 /4, SE1 /4, Sec. 10, TIN, R43E, 1400 ft, north and 1600 ft. 

west of section corner, 180 ft. east of gate, 125 ft. north of center of county road right -of -way. 

About 6 mi. east of Wallowa, and about 17 mi. northwest of Enterprise. 

Description: R. W. Mayko and R. C. Herriman; taken from Soil Survey Laboratory Report for 

Wallowa Co., Oregon, Soil Conservation Service, USDA, Riverside, California, 1966. 

Parent Material: Mixed alluvium of loess with some volcanic ash. Volcanic ash pockets occur in the 

draws within a half mile of the site. 

Drainage: Well drained. Elevation: 3950 ft. 

Vegetation: About 65% fescue, 12% bluebunch wheatgrass, 3% prairie junegrass, 2% cheatgrass, 

3% rattlesnake brome and soft chess, 15% forbs such as yarrow, arnica, salsify, clarkia, and 

owls cover. About 900 lbs. usable air dry forage per acre. Good condition. 

Climate: Interpolating between weather stations at Wallowa and Enterprise, the sample site has about 

the following:mean winter air temperature 28 °F, mean summer air temperature 61 °F, mean 

annual air temperature 44 °F, and mean annual precipitation 17 or 18 in. 

Topography: Ridgetop, about 4% slope, azimuth of about 260 °. Patterned land with a very shallow, 

very stony soil and stone nets surrounding the mounded Wallowa soil. The mounds are 

oblong, elongated downslope, and about 50 by 75 ft. in diameter (the sampled one). 

Soil Profile 

Horizon Description 

A 11 0 -13 cm Dark grayish -brown (10YR 4/2) dry silt loam ( estimated 13% clay), very dark 

brown (10YR 2/2) moist; moderate to weak very fine granular structure; soft, 

very friable, slightly sticky and slightly plastic; abundant fine roots; pores 

mainly interstitial; few krotovinas caused by rodents; pH 6.2; clear wavy 

boundary. 

Al2 13 -28 cm Dark grayish brown (10YR 4/2) dry silt loam (estimated 14% clay), very dark 

brown (10YR 2/2) moist; weak coarse subangular blocky structure; friable, 

slightly sticky and slightly plastic; abundant fine roots; many very fine 

tubular pores; few krotovinas caused by rodents; pH 6,3; clear wavy boundary. 

B21 28 -56 cm Dark brown (10YR 4/3) dry silt loam, dark brown (10YR 3/3) moist (estimated 
17% clay); weak medium and coarse prismatic, breaking to weak coarse 

subnagular blocky structure; friable, slightly sticky and slightly plastic; 
abundant fine roots; many very fine tubular pores; common, large krotovinas 

caused by rodents, pH 6.6; clear wavy boundary. 

B22 56 -73 cm Yellowish brown (10YR 5/4) dry silt loam (estimated 21% clay); dark yellowish 

brown (10YR 3/4) moist; weak coarse prismatic, breaking to weak coarse sub- 

angular blocky structure; friable, slightly sticky and slightly plastic; plentiful 
fine roots; many very fine tubular pores; very doubtful patchy thin clay films 

on prisms; common large krotovinas caused by rodents; pH 6.8; abrupt wavy 

boundary. 
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Horizon Description 

IIR 73+ cm Basalt bedrock. Among stones in upper 1 inch dark reddish brown (5YR 3/4 
uncrushed, moist), reddish brown (5YR 4/4 crushed, moist) silty clay loam 

Horizon 

(estimated 28% clay) with thin nearly continuous clay films. 

Organic 
Sand C. silt F. silt Clay matter 

( %) ( %) ( %) ( %) o 

Not sampled. 

Bulk 

density 

All 

Al2 

B21 

B22 

14.2 

15.8 

14.3 

12.5 

29.6 

29.1 

30.2 

31.6 

36.8 

35.2 

36.8 

34.9 

19.4 

19.9 

18.7 

21.0 

5.2 

3.2 

2.2 

1.3 

1.0 

1, 1 

1.0 

1, 2 

( 
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Tolo silt loam (S60 -31 -1) 

Location: SW1 /4, SW1 /4, Sec. 3, T2N, R40E, 50 ft. west of center of road, 950 ft. south of road 

intersection on north -south section line, 600 ft. along road north of east -west section line 

fence, Union Co., Oregon. 

Description: L. Alexander, F. Carlisle, R. Mayko, G. Lindsay, J. Burr and W. Fergerson, August 

1, 1960; taken from Soil Survey Lab. Report for Union Co., Oregon, Soil Conservation 

Service, USDA, Lincoln, Nebraska, 1966. 

Parent Material: Approximately 2 -1/2 ft. of volcanic ash overlying old loess- derived buried soil. 

Drainage: Good. Elevation: About 3260 ft. 

Vegetation: Overstory: 40% ponderosa pine, 30% Douglas -fir, and 30% western larch. Crown canopy: 

60%, Site index: ponderosa pine 99; Douglas -fir and western larch 110. Douglas -fir 

reproduction is sparse and brush competition is heavy. Understory: 10% grass, mainly elk 

sedge and pine grass; 20% forbs, including arnica, strawberry, bracken fern and meadow 

rue; and 70% brush, including spirea, snowberry, thimbleberry, service berry, willow and 

rose. The area was logged and burned 30 or more years ago. 

Classification: Brown forest soil. 

Soil Profile 

Horizon Description 

C1 and 5 -0 cm Mainly L layer of pine and fir needles. Slightly decomposed needles 1 /2 -in. 

C2 thick immediately above Al horizon.. 

Al 0 -2 cm Dark gray (10YR 4/1) silt loam (6% clay), black (10YR 2/1) moist; very weak 

fine granular structure matted together with abundant fine fibrous roots; root 

mat tends to give platy cleavage to horizon; soft, very friable, nonsticky and 

nonplastic; pores mainly interstitial; numerous white fungal mycelia; 
common 1- to 2 -mm charcoal fragments; pH 6.6; abrupt smooth boundary. 

B21 2 -10 cm Light brownish -gray (10YR 6/2) silt loam (6% clay), dark brown (10YR 4/3) 

moist; massive with tendency toward very fine granular structure; soft, very 

friable, nonsticky and nonplastic; abundant fine roots; common very fine 

tubular pores; common 1- to 2 -mm charcoal fragments; pH 6.2; abrupt smooth 

boundary. 

B22 10 -18 cm Pale brown (10YR 6/3) silt loam (7% clay), dark brown (10YR 4/3) moist; 

massive with tendency toward very fine granular structure; soft, very friable, 

nonsticky and nonplastic; abundant fine roots; common very fine pores; few 

1- to 2 -mm charcoal fragments; pH 6.2; clear smooth boundary. 

Pale brown (10YR 6/3) silt loam (7% clay), dark brown(10YR 4/3) moist; 

massive; soft, very friable, nonsticky and nonplastic; plentiful roots, few fine 

pores; apparent very low bulk density; pH 6.2; gradual smooth boundary. 

Pale brown (10YR 6/3) silt loam (8 -9% clay), dark brown (10YR 4/3) moist; 

massive; slightly hard, very friable, nonsticky and nonplastic; plentiful roots; 

many very fine pores; apparent very low bulk density; pH 6.0; clear smooth 

boundary. 

B23 18 -46 cm 

B24 46-69 cm 
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Horizon Description 

B25 and 69 -84 cm Pale brown (10YR 6/3) silt loam (10 -11% clay), dark brown (10YR 4/3) moist; 

Alb massive with faint expression of the prismatic structure in horizon below; 

slightly hard, friable, nonsticky and nonplastic; plentiful roots; many very 

fine tubular pores; no clay films; 60 -75% volcanic ash; pH 5.8; very abrupt 

wavy boundary; 2 -3 mm thick band with clay films at contact. 

IIB1b 84 -94 cm Brown (10YR 5/3) silt loam (25% clay), dark yellowish -brown (10YR 4/4) 

moist; weak medium and coarse prismatic and moderate medium subangular 

blocky structure; slightly hard, friable, slightly sticky and slightly plastic; 

plentiful roots; many very fine tubular pores; few thin dark brown (10YR 3/3) 

clay films on peds and in pores; white mycelial fungus common on ped faces; 

some blanched silt coatings on peds; pH 6.0; clear slightly wavy boundary. 

IIB21tb 94 -104 cm Colors as above; silty clay loam (30% clay); weak medium and coarse pris- 

matic and moderate medium and fine subangular blocky structure; slightly 

hard to hard, firm, slightly sticky and slightly plastic; plentiful roots; many 

very fine tubular pores; thin clay films nearly continuous over patches 2 -3 cm 

across; white mycelial fungus common on ped faces; common discontinuous 

blanched silt coatings on most peds and pore linings; pH 6.2; gradual smooth 

boundary. 

Horizon 

Al 

B21 

B22 

B23 

B24 

B25&Alb 

IIB1b 

IIB21tb 

Sand 
( %) 

C. silt 
( %) 

F. silt 
( %) 

Clay 

1 

Organic 
matter 

/ 
Bulk 

density 

13.3 30.0 42.0 

.L 
14.9 19.0 

19.1 33.3 41.5 6.1 4.3 0.74 

19.9 33.7 41.4 5.0 2.4 0.74 

20.2 34.8 40.9 4.1 1.3 0.72 

18.9 34.3 38.6 8.2 .7 0.84 

14.9 36.0 39.3 9.8 .4 0,91 

9.2 33.9 36.5 20,4 .3 

8.0 31.7 34.1 26.2 .4 

_ 
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Hurwal silt loam (S64 -32 -2) 

Location: Wallowa Co., Oregon, NW1 /4, SW1 /4, Sec. 19, T1N, R44E, 2300 ft. north and 300 ft. 

east of section corner. Directly under power line, 45 ft. northeast of first pole southwest of 

farmstead. About 5 mi. north and 3 mi. east of Lostine on Parsnip Creek. 

Description: R. W. Mayko and R. C. Herriman; taken from Soil Survey Laboratory Report for 

Wallowa Co., Oregon, Soil Conservation Service, USDA, Riverside, California, 1966. 

Parent material: Loess. Volcanic ash occurs in draws near the Hurwal soils. 

Drainage: Well drained. Elevation: 3740 ft. 

Vegetation: Grasses. 

Climate: Interpolating between weather stations at Wallowa and Enterprise: mean winter air 

temperature 27°F, mean summer air temperature 590F, mean annual air temperature 43 F, 
o 

mean annual precipitation 16 or 17 in. 

Topography: North facing 22% slope, azimuth about 30°. Convex slope about 400 to 500 ft. long. 

Sample site was on upper half of slope. 

Land Use: Very weedy summer fallow. 

Soil Profile 

Horizon Description 

Ap 0 -25 cm Black (10YR 2/1.4) dry silt loam (estimated 17% clay), dark gray (10YR 

4/1.4) dry; weak very fine granular structure; slightly hard, friable; slightly 

sticky and slightly plastic; plentiful fine roots; pores mainly interstitial; 

pH 6.6; abrupt wavy boundary. 

Al2 25 -41 cm Very dark brown (10YR 2/2) silt loam (estimated 17% clay); massive; 

friable, slightly sticky and slightly plastic; plentiful fine roots; many very 

fine tubular pores; few krotovinas of material from below caused by rodents; 

pH 6.4; abrupt wavy boundary. 

A3 41 -58 cm Dark brown (10YR 3/3) dry silt loam (estimated 17% clay); nearly massive 

to weak coarse subangular blocky structure; friable, slightly sticky and 

slightly plastic; plentiful fine roots; many very fine tubular pores; pH 

6.6; abrupt wavy boundary. 

Bltb 58 -71 cm Very dark grayish brown (10YR 3/2) dry silt loam (estimated 25% clay); 

weak to moderate fine subangular blocky structure; friable to firm, sticky 

and plastic; plentiful fine roots; many very fine tubular pores; few thin 

clay films on peds; few clean, bleached coarse silt and very fine sand 

coatings on peds; pH 6. 8; clear wavy boundary. 

B21tb 71 -91 cm Dark yellowish brown (10YR 3/4 crushed, 10YR 3/3 outside and 10YR 4/4 

inside of peds uncrushed) dry silty clay loam (estimated 27% clay); 

moderate to strong medium prismatic breaking to strong fine subangular 

blocky structure; firm, sticky and plastic; few fine roots; many very fine 
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Horizon Description 

tubular pores; nearly continuous thin clay films; abundant clean, bleached 

coarse silt and very fine sand coatings on peds; very few basaltic pebbles 

less than one inch in diameter; pH 6.8; clear smooth boundary. 

B22tb 91 -140 cm Dark yellowish brown (10YR 4/4 crushed) dry silty clay loam (estimated 
27% clay); moderate to strong medium prismatic breaking to strong fine 

subangular blocky structure; firm, sticky and plastic; few fine roots; many 

very fine tubular pores; nearly continuous thin clay films; abundant (more 

than horizon above) clean, bleached coarse silt and very fine sand coatings 

on peds; pH 6. 8; gradual wavy boundary. 

B3tb 140 -198 cm Dark yellowish brown (10YR 4/4 crushed) dry silty clay loam (estimated 

27% clay); moderate fine subangular blocky structure; firm, sticky and 

plastic; few fine roots; many very fine tubular pores; few patchy thin clay 

films; common clean, bleached coarse silt and very fine sand coatings on 

peds; few black stains that may be manganese dioxide; one corner of pit 

Horizon 

Ap 

Al2 

A3 

Bltb 

B2ltb 

B22tb 

B3tb 

had krotovinas from the surface; 
sample taken from 68 -78 in. 

Sand C. silt F. silt 
(%) (%) (%) 

pH 6. 8; 

Clay 

abrupt wavy boundary. Soil 

Organic 
Bulk 

matter 
density 

12.5 26.0 39.8 

.L.Z 

21.7 7.5 1.0 

15.3 29.0 39.2 16.5 4.5 1.0 

12.7 29.6 39.8 17.9 2.3 1.1 

9.4 29.0 34.0 27.6 1.3 1.4 

7.9 28.3 30.2 33.6 .7 1.6 

8.8 27.2 30.1 33.9 .5 1,5 

8.7 26.1 31.7 33.5 .5 1.5 

(%) 
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La Grande silt loam (S64-31-2) 

Location: NW 1/4, NW 114, Sec. 10, T3S, R38E 1125 ft. south and 530 ft. east of section corner, 

or 1125 ft. south of Cove Avenue and 130 ft. west of east property line fence, LDS Church 

farm, 0.8 mi. (to NW corner of Sec. 10), east of La Grande via Cove Avenue, Union Co., 

Oregon. 

Description: R. W. Mayko and Howard M. Vance, 1964. 

Parent Material: Mixed alluvium. 

Drainage: Somewhat poorly drained. Runoff is slow and permeability is moderately slow. 

Elevation: about 2750 ft, 

Vegetation: Alfalfa. 

Climate: Mean winter air temperature about 33oF, mean summer air temperature about 67oF, mean 

annual air temperature about 49oF; mean annual precipitation 20 in. 

Topography: Slightly convex alluvial fan about 2 mi. long. About 1% slope. 

Classification: Chernozem; Aquic Cumulic Hapludoll; fine silty, mixed, mesic family. 

Soil Profile 

Horizon Description 

Ap 0 -18 cm Gray (10YR 5/1) silt loam (estimated 24% clay), black (10YR 2/1) when 

moist; weak fine granular structure; slightly hard, friable, slightly sticky 

and slightly plastic; abundant fine roots; pores mainly interstitial; pH 8.0; 

abrupt, smooth boundary. 

A 12 18-46 cm Dark gray (10YR 4/1.4) silt loam (estimated 24% clay), black (10YR 2/1) 

when moist; weak medium prismatic breaking to weak fine granular 

structure; slightly hard, friable, slightly sticky and slightly plastic; 

abundant fine roots; many very fine tubular pores; pH 7.6; clear smooth 

boundary. 

Bl 46 -61 cm Grayish brown (10YR 5/2) silty clay loam (estimated 32% clay), dark brown 

(10YR 3/3) when moist; weak medium prismatic breaking to moderate 

medium and fine subangular blocky structure; hard, firm, sticky and 

plastic; plentiful fine roots; many very fine and few medium tubular pores; 

no clay films; common segregated lime; pH 7.4; abrupt wavy boundary. 

Alb 61 -84 cm Gray (10YR 5/1) silty clay loam (estimated 30% clay), very dark brown 

(10YR 2/1.6) when moist; moderate very fine subangular blocky structure; 

hard, firm, slightly sticky and plastic; plentiful fine roots; many very fine 

and few medium tubular pores; no clay films; pH 6.6; clear smooth 

boundary. 

B21b 84 -102 cm Grayish brown (10YR 5/2) silty clay loam (estimated 34% clay), very dark 

grayish brown (10YR 3/2) when moist; moderate fine and medium subangular 

blocky structure; slightly hard, firm, sticky and plastic; plentiful fine roots; 
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Horizon Description 

many very fine and common medium tubular pores; very few thin clay 

films; common, fine, distinct mottles; pH 7.0; clear smooth boundary. 

B22b 102 -132 cm Brown (10YR 5/3) silty clay loam (estimated 32% clay), dark brown (10YR 

3/3) when moist; moderate fine and medium subangular blocky structure; 

hard, firm, sticky, and plastic; plentiful roots; many very fine tubular and 

common medium tubular pores; no clay films, common, fine, distinct 

mottles; pH 7.4. 

C 132 -170 cm Pale brown (10YR 6/3) loam (estimated 26% clay), dark yellowish brown 

(10YR 4/4) when moist; massive; slightly hard, friable, slightly sticky and 

slightly plastic; prominent, common, medium and coarse mottles; pH 

Horizon 

Ap 

Al2 

BI 

Alb 

B2b 

B22b 

C 

6.8. 

Sand 
%) 

Sampled with auger. 

C. silt F. silt 
( %) ( %) 

Clay 
( %) 

Organic 
matter 

( %t 

34.5 18.4 29.3 17.8 4.1 

30.6 20.5 31.3 17.6 3.6 

26.2 22.8 23.7 27.3 1.2 

10.6 16.2 33.1 40.1 1.7 

17.4 17.7 30.9 34.0 0.6 

22.9 17.2 29.5 30.4 0.3 

39.7 17.3 22.3 20.7 0.1 

( 
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Unit 82 

Location: SE1 /4, NW1 /4, Sec. 10, T25S, R39E, 400 ft. east of drainage divide on the road between 

Crowley and Riverside, Malheur Co., Oregon. 

Description: J. A. Norgren, September, 1966. 

Parent Material: Loess over colluvium from basalt. 

Vegetation: Big sagebrush, Idaho fescue, bluebunch wheatgrass. 

Climate: Average annual precipitation is 11 -15 in., and mean annual temperature centers around 

43°F. Average growing season (32oF) is 49 -90 days, with a possibility of frost during any 

month. 

Topography: 25% slope. Aspect: East- northeast. 

Elevation: 5100 ft. 

Classification: Pachic Cryoborolls; fine loamy, mixed; Chernozem. 

Soil Profile 

Horizon Description 

Al 0 -15 cm Dark grayish brown (10YR 4/2.5) dry, very dark brown (10YR 2/2) 

moist; silt loam; moderate fine granular structure, very friable, slightly 

sticky and slightly plastic; abundant fine roots; gradual wavy boundary. 

Bl 15 -35 cm Dark brown (10YR 3.5/3) dry, very dark brown (10YR 2/2) moist; clay 

loam; weak medium subangular blocky, breaking to moderate, coarse 

granular structure; friable; slightly sticky and plastic; abundant fine roots; 

gradual wavy boundary. 

B2 35 -51 cm Brown (10YR 4/3) dry, dark brown (10YR 3/2) moist; stony clay loam; 

moderate, medium subangular blocky structure; sticky and plastic; 

plentiful roots; clear, smooth boundary. 

IIR 51+ cm Fractured basalts bedrock. 

Horizon 

Al 

B1 

B2 

Sand Silt Clay Organic matter 

( %) °u ao. ( %) 

30 52 18 6.2 

30 40 30 4.0 

27 37 36 - 


