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ABSTRACT

Greens Peak in east central Arizona is characterized by 

forested north slopes and grass covered south slopes. To study the 

influence of aspect on soil properties 10 pedons were sampled to
gether with 17 intermediate composite surface soil samples at dif

ferent aspects on the 2960 m contour. Five of the pedons were on the 

forested north facing slopes and the other five were on the grassland 

south facing slopes.

Nine of the 10 pedons are classified as Typic Cryandepts 

while one of the forested pedons is an Andeptic Cryoboralf. The main 

differences between the forest and grassland soils are that the forest 

soils have more clay, have lower pH values and base saturation which 

decreases with depth, and have less total nitrogen in the surface 

horizons. The organic matter is high in the surface horizons in all 

soils. There are few differences in total amounts and depth distri

butions of organic carbon among the soils. Biomass production was 

higher on the forested aspects.

The differences among the soils and biomass production are 

believed to be due to slope aspect and the resultant associated dif

ferences in vegetation and microclimate as affected by the influence 

of wind, snow accumulation and solar irradiation.
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INTRODUCTION

Greens Peak, a volcanic cinder cone in the White Mountains of 

southern Apache County, Arizona, has a vegetative pattern character

ized by forested north slopes and grass covered south slopes (Figure 1). 

This distribution of vegetation which is typical of the surrounding 

area provided the opportunity to study the nature and distribution of 

soils as they might be influenced by slope aspect and associated 

vegetation differences.

The object of the study was to find the dependency of total 

nitrogen, total organic carbon, cation exchange capacity, pH, moisture 

content, texture, and other physical properties of the soils of Greens 

Peak together with the vegetative biomass production upon the variable 

microclimate and the variable vegetation. The approach taken in the 

study was to attempt to apply Jenny's (1941) functional relation soil 

property = f (microclimate, vegetation, time, parent material, and 

topography). According to Jenny (1958), actual growing vegetation is 

dependent upon the climatic factor. The climate factor will vary 

according to slope aspect. Thus, the differences found among the soils 

and their environment are arranged in a catenary sequence around 

Greens Peak (Yaalon, 1975).

1



Figure 1. View of Greens Peak from the Southeast during 
October, 1975.



REVIEW OF LITERATURE

Factors of Soil Formation

In the 1870's Dokuchaiev in Russia and Hilgard in the United 

States were the first to recognize that soils are independent natural 

bodies, with horizons determined by soil forming factors. Both men 

explained that a given parent material may form different soils 

depending upon the environmental conditions of climate and vegetation. 

Dokuchaiev went further than Hilgard and tried to quantitatively solve 

the soil forming factors by an equation but without success (Simonson, 

1968).

Quantitative Solutions Using Jenny’s Fundamental 
Equation of the Factors of Soil Formation

Jenny (1941) attempted to show how soil properties vary quan

titatively with the soil forming factors. Jenny's (1941) approach was 

to use equations for single factor functions of soil properties. Thus, 

the first step was taken showing quantitative solutions instead of 

explanatory solutions of the soil forming process.

In Jenny's "fundamental" equation of soil formation, S = 

f(cl,o,r,p,t), the S represents the soil property, the f stands for 

dependence on, and the cl,o,r,p, and t refer to the five factors of 

soil formation, namely climate, organisms, topography, parent material, 

and time, respectively. The soil properties to be analyzed and tested 

are dependent upon the soil forming factors.

3



4

These five factors of soil formation are considered by Jenny 

to be independent variables which define the soil system. For a 

given combination of the factors only one type of soil exists which 

will have a unique set of properties.

To assess the effect of one of the factors, Jenny (1941) 

required the other four factors to remain constant. Jenny stated 

that it is difficult, if not impossible, to isolate one factor to fit 

the equation in a natural system.

Jenny (1958) later devised models and imaginery experiments to 

permit analysis of the five state factor functions, namely, bio-, 

litho-, topo-, climo-, and chronofunctions. He used the plant kingdom 

as both an independent and dependent variable as well as a constant.

Jenny (1961) further refined the constancy requirement to say 

that even when the range of variation in the secondary factors is 

small, equations can be written and solved when that small variation 

is outranked by effects of a dominant factor.

Jenny’s (1941) approach has also been used in related fields 

and subjects such as to functional systems of plant ecology by Major 

(1951) and Perring (1958). Major emphasized that vegetation is not 

determined by the soil but that vegetation and soil develop concomi

tantly. Perring (1958) related the five independent variables to the 

Chalk Grassland in England by discussing the value of a functional 

approach of the importance of the factors affect on the balance of 

the ecosystem. Since both soil and vegetation are dependent upon

the same functions there can be no universal correlation between
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them, as both vegetation and soil develop concurrently (Major, 1951; 

Crocker, 1952; and Perring, 1958). Crocker (1952), who tried to use 

the biotic factor as an independent variable, noted that quantitative 

solutions would be unlikely. This was supported by Birkeland (1974) 

who wrote that the biotic factor is difficult to assess due to the 

dependence of both vegetation and soil on climate and the interaction 

of soil and vegetation.

Several have tried to change or reduce Jenny’s five factors to 

search for easier solutions. Runge (1973) reduced the five factors 

to three— leaching, organic matter production, and time, while 

Chesworth (1973) considered time to be the only factor.

Yaalon (1975) in a review updated quantitative solutions of 

Jenny's equation of state since 1941, and also showed a point of 

departure for assessing the future trends and possibilities. He 

stressed the need for future computerized simulation models which-can 

be compared with the real world previously studied and interpreted 

pedologically. Yaalon's (1975) review further stated that relief and 

climatic determinants have been the most successful in arriving at 

quantitative solutions so far.

Slope Aspect Studies

Several studies have been carried out comparing the effects of 

microclimate and vegetation on soil properties on different aspects.

Cantlon (1953) compared vegetation and microclimates on the 

north and south slopes of Cushetunk Mountain in New Jersey. The 

difference in amount of incoming insolation of the two different
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aspects produced markedly different microclimates. Density, frequency 

and cover of species of vegetation rather than type of species varied 

on the two slopes.

Studies in southeastern Michigan by Cooper (1960) of topog

raphy in relation to microclimatic, vegetational and soil patterns 

showed that south slopes had higher relative light intensities, 

maximum air temperatures, evaporation rates and soil temperatures.

North slopes had lower minimum air temperatures and higher soil 

moisture values. The south slope had higher soil temperatures and 

cycles of freezing and thawing and of wetting and drying. This pro

moted greater weathering which accounted for a greater clay content 

in the B horizons. Microclimates on the forested north slopes were 

cool, moist (mesic) and those on the exposed south slope were warm 

and dry (xeric).

Transect studies of soil sequences were made across four north

west southeast oriented valleys in southeastern Ohio by Finney, 

Holowaychuk and Heddleson (1962). The soils on southwest facing slopes 

have thinner A1 horizon and more developed A2 and B horizons than the 

soils on the northeast facing slopes. The upper solum of the soils on 

southwest facing slopes are also more acid and have wider carbon- 

nitrogen ratios. The differences are related to the different micro

climatic regimes and associated differences in vegetation.

Lutz and Chandler (1946) described the importance of the slope 

aspect on Great Soil Group distributions in the Appalachians. Red 

Podzolic soils are found at higher elevations on south slopes, whereas
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in the west Podzolic soils occur at lower altitudes commonly on north 

slopes.

Harradine and Jenny (1958) found it valid to compare soils of 

the south slopes (drier grasslands) with north slopes (moister, cooler 

forests) in the Sierra Nevada, California, and then attribute the 

differences to climate. They further noted that the exposure varia

bility, and the degree, length, and shape of slope could also result 

in climatic differences. Species distribution was again dependent on 

climate. Soil nitrogen was found to be highest in north to northeast 

slopes and lowest in southwest slopes.

The effect of aspect on soil development and vegetation was 

studied by Klemmedson (1964) on a small hill in an arid region of 

south central Idaho. Organic matter content was found to be greater 

in the top 10 cm of soil on the north slope than on the south slope 
even though production of herbage was reversed. This was due to the 

higher soil temperature on the south-facing slopes causing more rapid 

organic mineralization. But, the greater intensity of insolation 

placed the plants under a greater moisture stress reducing their root 

production.

Carleton, Young and Taylor (1974) reported the capacity to pro

duce vegetation biomass is a function of soil moisture, soil tempera

ture and soil fertility. Any one of these three can be the limiting 

factor for total production of vegetation. Plant numbers increase 

until deficient heat occurs (a function of aspect, slope, and elevation 

acting together as an independent variable when temperature is
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constant). Plant numbers also decrease when deficient moisture occurs 

(a function of the aspect, slope, and elevation acting together as 

an independent variable when precipitation is constant (Lowe, 1964).

North-facing slopes are reported to have more recycling and 

accumulation of basic cations on the forest floor than south-facing 

slopes in the mountains of Virginia (Losche, 1967). Various species 

of oaks encircled the mountain. More clay and more pronounced Bt 

horizons were found on the south-facing slopes and the depth of 

organic litter accumulation was greater on the north-facing slopes.

Forest-Grassland Studies

A number of workers have studied the different soil properties 

found in forest, grassland and transitional soils.

Two biosequences in Iowa made up of Brunizem (grassland) and 

Gray Brown Podzolic (forest) soils and transitional soils between 

the two were studied by White and Riecken (1955) to determine their 

properties. Generally, the transitional soils have a thicker, 

darker A1 horizon, less A2 horizon development and less structural 

development of a B2 horizon than the Gray Brown Podzolic soil. The 

Brunizem had little or no A2 horizon development, less strongly 

developed B2 horizon and less distinct boundaries than the transitional 

soil.

Bailey, Odell and Boggess (1964) also studied the effect of veg

etation on soil properties of a forest-prairie border in Illinois. The 

Gray Brown Podzolic soils had more forest influence than the transi

tional soils as shown by higher organic carbon contents, higher cation



exchange capacities, lower Ca/Mg ratios and lower bases in the B2 

horizons, and less organic matter in the lower horizons.

The study of forest versus prairie vegetation in southern 

Minnesota by Rost (1918) found little differences in the content of 

coarse gravel in the soils, but the prairie soil had a higher water- 

sorption power. Total organic carbon and hence, organic matter and 

total nitrogen was more abundant in the prairie than in the forest 

soil. The carbon-nitrogen ratio was wider for the forest, which is 

characteristic of forest soils, according to Hosking (1935). The 

abrupt change of organic matter with depth is also associated with 

tree vegetation.

In summary, the distribution of organic matter and the trans

location of mineral substances is different under timber and prairie 

vegetation. The forest soils have a larger proportion of their 

carbon content in the upper horizons and show the greatest transloca

tion of bases.

Bray (1941) also found a higher degree of translocation of 

soil materials under timber than prairie in Illinois where the soils 

had a longer period of formation. The pedons under the prairie had 

a darker color as a result of higher organic matter content. The 

prairie had more exchangeable bases. However, Bray states that in 

still later stages of development the differences caused by vegetation 

become very slight. This was also implied by Crocker (1959).

9
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Climate as a Soil Forming Factor

According to Jenny's (1941) discussion of the climate factor 

the official precipitation and temperature records reflect macro

climate and are gross values useful only as general descriptions of 

large areas. Small areas with a distinct microclimate may vary from 

the macroclimate. A good example is the modifications in an environ

ment due to different types of vegetational cover. Monthly moisture 

values may be important especially within regions not having a uniform 

distribution pattern. Precipitation differences affect the penetra

tion and the percent nitrogen with depth. The higher the precipita

tion the deeper the penetration of nitrogen. Vant Hoff's Temperature 

Rule explains that for every 10°C increase in temperature, the 

velocity of a chemical reaction increases by a factor of two to three 

(Jenny, 1941). Similarly, for every 10°C decrease in annual tempera

ture, the average total nitrogen and organic matter increases two to 

three times if the annual precipitation-evaporation ratio remains the 

same due to slower rates of organic matter decomposition (Jenny, 1941). 

The carbon-nitrogen ratio of soil organic matter decreased with 

increasing temperature. The logarithm of nitrogen varies inversely 

to the temperature. Thus, in relation to temperature the amount of 

nitrogen, organic matter, and the carbon-nitrogen ratio increases 

exponentially as elevation increases (Jenny, 1929, 1941).

Hockensmith and Tucker (1933) sampled various soils at 

different elevations in the Rocky Mountain region west of Fort 

Collins, Colorado and found similar results. They found that the
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surface three Inches of forest soils have a higher content of total 

nitrogen than the grasslands, although the grassland soils contain 

more total nitrogen in depths of three to twelve inches. Generally, 

the nitrogen content of the soil increases with increasing elevation, 

although it can vary considerably due to variations in the amount of 

vegetation rather than to different rates of decomposition at or above 

3050 m.

Further work by Jenny (1930) indicates the average content of 

grassland soils increased logarithmically with humidity factors while 

the nitrogen content of timber soils was not necessarily influenced 

by humidity.

As one goes from west to east in the Plains States vegetative 

production and distribution were found to increase due to higher pre

cipitation (Livingston and Shreve, 1921; Clements and Weaver, 1924). 
Jenny (1941) showed that high temperatures do not necessarily yield 

the highest vegetative production. Higher temperatures help production 

of corn as one goes from North Dakota to Iowa, but as one progresses 

southward, production drops as temperature increases further. The 

increase in temperature lowers the nitrogen content of the soil.

Pettapiece (1969) observed soils of the forest grassland 

transition in the Great Plains region of Canada could be explained in 

terms of minor, short-term present climatic variations such as periods 

of drought and accompanied burning. Pettapiece*s writing on the Park

land Belt soils of southwestern Canada stated that the grassland soils 

contained greater accumulations of organic matter with more
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humidification occurring resulting in darker Ah horizons. By contrast, 

in the forest soils, where the organic matter is added by leaves, the 

organic matter does not become incorporated but is mineralized quickly 

to organic acids which are important in leaching. Thus, the A hori

zons are not as thick nor as dark in color. Eluvial horizons are 

present with formation of Bt horizons and clay skins.

Lotspeich and Smith (1953) found that microclimate variations 

in relation to exposure and localized snow accumulation was a dominant 

factor in soil differences in a Palouse loess catena in Washington.

They compared silt loams with prairie vegetation on different sites 

finding that the south facing slopes were drier with the dry ridges 

lacking the texture and structure of a B2 horizon. In contrast, the 

wet lee slopes have well developed claypan soils with a maximum hori

zon differentiation, the deepest A1 horizon with the most organic 

matter, and contain stable vegetation on the steepest slopes.

The distribution of different soils on an interfluve involved 

differences in soil moisture or rate of loess accumulation as influ

enced by slope characteristics of elevation and steepness according 

to Al-Janabi and Drew (1967). The distribution of the soils was not 

related to age of the land surface as influenced by erosional processes.

Organisms as a Soil Forming Factor

Organisms as a soil forming factor is important. Nikiforoff 

and Marbut claimed that vegetation was the most important soil former 

(Jenny, 1941). Joffe (1936) wrote "without plants, no soil can form". 

On the other hand, Robinson (1935, p. 11) wrote: "Vegetation cannot be
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accorded the rank of an independent variable, since it is itself 

closely governed by situation, soil and climate. And therefore, 

while the intimate relationship between natural vegetation and soil 

cannot be overlooked, it must be regarded as mainly a reciprocal 

contract

In all studies of soil-climate relationships, the actual 

growing vegetation is dependent upon the other factors rather than 

being an independent soil forming factor since significant changes 

in climate are always accompanied by variations in kind and amount of 

plant life (Jenny, 1941, 1958). In considering the kind and relative 

frequency of species of vegetation as an independent variable, one 

would have to evaluate the specific effect of various plant species 

or types of vegetation on soil formation. The problem of treating 

the vegetative factor as a constant occurs whenever the general equa

tion S = f(cl,o,r,p,t...) is to be solved for either cl, r, p, or t.

A good forest stand in temperate regions produces more organic 

matter than a good virgin prairie when leaf production and wood growth 

are added together. The leaf production alone is approximately of the 

same order of magnitude as the hay production of tail-grass prairie. 

However, virgin grasslands of high mountains have low production 

figures (Jenny, 1941).

One factor that is often neglected in considering biomass pro

duction is that of roots. Some grasses produce much more organic matter 

underground than above ground. Roots and rhizomes of virgin prairies 

in Nebraska were reported by Weaver, Hougen and Weldon (1935) to
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Crocker (1959) reported that the effect of plants on soil 

properties is best shown in early stages of soil development and on 

features quickly adjusting to change, i.e., on soil attributes directly 

related to the cycling of organic carbon, nitrogen, and pH. Crocker's 

studies involved the recent retreat of glaciers on glacial moraines.

Bray (1941) also stated that in later stages of development the 

differences caused by vegetation lessen.

History of the Forest-Prairie 
Transition Zone

explanations for the coexistence of prairie and forest may 

into two groups (Jenny, 1941):

a single biotic factor (prairie plus forest) existing for 

the entire area, and

the distribution of the two vegetational complexes 

dependent upon the soils and environment

Level topography, low water permeability and high water tables 

are said to be favored by prairies, whereas rolling lands with good 

drainage are preferred by timber, but many exceptions exist.

The present-day climatic differences are responsible for the 

vegetational differences (Hunington, Williams and van Volkenburg, 1933). 

Greater precipitation in Ohio results in forests, whereas a more conti

nental climate in Iowa is responsible for the absence of forests.

contain 10% of the total organic matter content of the soil in the upper

six inches. In Germany, under forested conditions the underground mass

of vegetation was found to be 25% of the total mass (Weber, 1913).

The

be arranged 

1)

2)
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The second group claims two distinct biotic factors are 

operating or have been operating in the past. The influence of animals 

or man (buffalo pasturing, fires, etc.) prevent forest establishment, 

according to this belief, resulting in two vegetational factors, 

forest and prairie.

Rube (1969) compared the environmental features associated with 

paleosols to modern soils that are better understood in relation to 

the environment. He reconstructed the past to determine the age of 

the semiarid regime of the Central plains from Brady time 9,100 to 

11,400 years ago. The Iowan prairie began 7,000 to 8,000 years ago.

In pre-Brady time and at the beginning of Wisconsin time, the climate 

was cooler and relatively more moist. Coniferous forest dominated 

Iowa 24,500 years ago. The limits of how far conifers extended west 

is unknown. Sangamon climates were more moist and perhaps warmer than 

those of today.

In contrast, Gleason (1922) called prairies a relic of pre

historic dry periods during which the entire transition zone was grass

land. Today's humid climate is more favorable for forests. Therefore, 

he claimed that the prairie and forest represent two different biologi

cal complexes and are treated as soil-forming factors.

The study by Witty and Knox (1964) using grass opal showed most 

segments of the forest-grassland boundary have persisted in place for 

several thousand years. In other places, the forest has invaded the 

grassland or retreated. Although much broader sampling is needed for 

geographically significant results, the grass opal contents of soils 
can be an effective indicator of vegetation history.
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Effect of Vegetation on Nutrients

Changes in the physical conditions of the soil may be in part 

a result of the type of associated ground flora, according to Ovington 

(1956). By the selection of tree species for establishment it is 

possible in time to modify the soil, particularly the total weights of 

carbon, nitrogen and organic matter in the soil. Detailed measure

ments of tree stands showed no evidence that these differences in soil 

conditions can be directly related to differences in plantation growth 

as measured by the productivity of dry matter. The general tendency 

is for woodland soils to contain more carbon and nitrogen than com

parable non-woodland soils with more carbon being present under 

conifers than hardwoods, but for soil nitrogen the differences are less. 

The amounts of carbon and nitrogen in the litter are considerable, but 

the total amounts in the soil as a whole are not great when compared 

with that in the trees. The accumulation of carbon and nitrogen in 

the tree crop is attained without any decrease in the soil carbon and 

nitrogen.

Ovington (1965) more recently observed that woodland soils 

show a greater accumulation of organic matter than the prairie soils. 

Organic matter in woodland soils is also dispersed over a greater 

vertical extent. This is also supported by Alway and McMiller (1933).

Ovington1s (1958) study of afforestation's effects on exchange

able calcium and magnesium in the soil showed that the litter on the 

mineral soil contains large amounts of Ca and Mg with the greatest 

amounts being present under conifers. The growth of tree crops did not
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change the exchangeable Mg content of the mineral soils, but the 

exchangeable Ca (especially in the surface mineral soils) decreased 

in equal amounts for conifers and hardwoods.

Ovington (1965) also found that the buildup of woodland 

organic matter redistributes and immobilizes plant nutrients according 

to species and succession. The rate of nutrient accumulation is 

greatest in the pole stage. In the spring large quantities of nutri

ents (N, K, Ca and P) which leaves contain move into the soil from 

leaves whereas only small quantities are derived from wood which con

tains low quantities of nutrients. Controversy arises over the speed 

of transfer nutrients take in returning to the soil from the tree. 

Witherspoon (1963) reported, by using radioactive tracers, that nutri

ents taken up by trees are likely to return to the soil within a few 

weeks. In contrast, Ovington (1965) found that some were able to 

persist for years in the wood of a branch even after the branch fell 

to the forest floor. Nutrients are added by precipitation, weathering 

of underlying parent material, and atmospheric fixation and are lost 

by fire, leaching, erosion, or vegetative removal (Emanuelson,

Eriksson, and Egner, 1954).

Depending upon the distance from the trunk of a tree, a 

systematic change in pH, nitrogen content, exchangeable bases, and 

cation exchange capacities occurs generally with radial symmetry to 

the trees. This variable pattern is due to the differences between the 

effect of bark litter, leaf litter, nearby openings, or a neighboring 

tree. Because the bark litter is acid, nitrogen contents and cations
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are low near the tree stem and increase to a maximum some distance 

within the area covered by the tree crown (Zinke, 1962; Birkeland, 

1974).

Gersper and Holowaychuk (1971) reported that variation in the 

influx of water and chemical elements delivered to the soil at various 

distances from the tree stem were responsible for soil trends. 

Harradine and Jenny (1958) also noted that organic matter varies in 

relation to tree canopy, recommending that soil samples be taken at

the same distances from tree trunks.



EXPERIMENTAL PROCEDURES

Soil Sampling Methods

Soil samples were collected during the week of June 28 to July 

1, 1975. Samples from each horizon were collected from ten pedons.

Pedon descriptions were made at the time of sampling. The pedons were 

located at east, northeast, north, northwest, west, southwest, south, 

and southeast aspects on a transect around Greens Peak along the 2980 m 

contour with transition pedons on the west and east aspects. In addi

tion, composite surface (0-5 cm) samples were collected in the vicinity 

of each sampled pedon and at intermediate sites. The composites re

sulted from combining 20 small (approximately 50 g) samples collected 

along two transects (10 samples each) at 1 m increments going up and 
down slope on each side of the pedons. Soil moisture samples were 

collected from 50 cm depths from each pedon. Soil clods were also 

collected where possible from the soil horizons for bulk density deter

minations .

The sites for this study were chosen in areas that would offer 

the least hindrance from large root systems of trees. Depending upon 

closeness to trees, differences could occur in nitrogen, organic carbon, 

and exchange capacities.

All samples were air dried, sieved to remove coarse fragments 

(greater than 2 mm), and microsplit to approximately 200 g. This sub

sample was stored in jars and used for particle-size analysis, pH, and 

cation-exchange capacity determinations. A small portion of the

19
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subsamples was oven-dried at 70°C and ground with a Spex Industries 

mixer mill in a tungsten carbide grinding vial. This crushed sample 

was used for total nitrogen and total organic carbon determinations.

Vegetation Sampling and Analysis Methods

The vegetation was sampled in the vicinity of each of the ten 

pedons. Species and production data were recorded for the grassland 

sites on September 3 and 4, and on October 25 and 26, 1975, for the 

forested sites. A rectangular 1 ft. by 2.4 ft. (.305 m by .732 m) thin 

iron frame was used on the grassland sites to sample the vegetation 

along two transects (5 plots each) at 1 m increments going up and 

down slope on each side of the pedon. The different species of grasses 

were clipped and weighed in bags. After drying they were weighed again 

for dry weights. Each of the weights in the ten plots sampled was 

multiplied by 40 to give the production of grasses in lbs. per ac.

(dry weight). The average of the ten plots was the site productivity. 

This procedure was also carried out on the forested sites where an 

understory of grass existed (e.g., the Northeast aspect pedon).

Vegetative biomass on the forested sites was measured by first 

taking a point sample from the pedon using a 10 basal area factor prism. 
The trees tallied were converted into a stand table (number of trees per 

ac. according to size class) using a per ac. conversion factor. A basal 

area table (sq. ft. per ac.) was constructed and subsequently a stock 

table (cu. ft. per ac.) was projected to show present volume 

(Gevorkiantz and Olsen, 1954). Wood productivity of the tree boles
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(neglecting branches and leaves) was determined by taking increment 

borings to obtain 10 years growth on all trees tallied. Future volume 

production in cu. ft per ac. was projected and converted to lbs. per 

ac. by using the known oven-dry specific gravities of each of the tree 
species (Husch. Miller and Beers, 1972).

Particle Size Analysis

The determination of percent sand, silt and clay was performed 

using the hydrometer method as described by Day (1965) with some modi

fications. This method was used rather than the pipette method because 

of its simplicity, rapidity and adequate accuracy. Kaddah (1973) 

recently compared the hydrometer method with the pipette'method for the 

determination of silt and clay. His results showed that insertion and 

removal of the hydrometer from the suspension did not affect the accu

racy of the hydrometer method. There appeared to be no differences 

between the two methods.

A 50 g (oven dry) soil sample was mixed for 10 minutes with an 

electric mixer with sodium hexametaphosphate (calgon) used as a dis

persing agent. Hydrometer measurements were made after a settling time 

of 40 seconds and 2 hours. The 40 second reading gave a measure of the 

silt and clay in the suspension and the 2 hour reading gave a measure of 
the clay in the suspension. For each reading a temperature correction 

was applied if the suspension varied from 19°C.
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Determination of pH

Hydrogen-ion activity was measured by the method described by 

Peech (1965). A 10 g soil sample from each horizon and composite sample 

was mixed with 50 ml of 0.01 M CaClg, allowed to stand for 1 hr. with 
intermittent stirring, and then measured with a Leeds and Northrup 7411 

pH meter. The suspension was stirred just prior to immersing the elec

trodes. The reference electrode was kept just above the soil paste 

(technique suggested by Dr. H. L. Bohn, Dept, of Soils, Water and Engi

neering, Univ. of Arizona, Tucson, AZ, oral communication, Oct., 1975).

Cremers (1972) found that in the pH determination of soils the 

use of 0.01 M CaClg is independent of the soil/solution ratio. Insofar 

as the concentrations of this solution approximates the value of a soil 

at optimum water content, the corresponding pH will more closely approx

imate the pH under field conditions and its value will give a more 

accurate measure of acidity in the root environment. The soil samples 

were collected at the end of a dry period just before the summer rains. 

Cremers (1972) claims that pH values are lower in hot and dry seasons 

and highest during rainy periods. It is doubtful there would be signif

icant differences as such seasonal variations are thought to be 

related to fluctuations in soluble salts which are leached out during 

rainy periods. Soluble salts are low in the soils on Greens Peak and 

so this effect would be minimal (Mehlich, 1960).

Moisture Content

Duplicate samples were taken at a 50 cm depth from each of the 

ten pedons and placed in moisture cans. The moisture content was
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determined gravimetrically by comparing the weight of the soils in the 

field to the oven-dry weight.

Bulk Density

Bulk.density measurements were made using the saran coated clod 

method (Soil Survey Staff, 1967). Where possible clods were saved and 

immersed in a plastic (saran resin dissolved in methyl ethyl ketone) 

solution for 15 to 20 seconds and suspended by thread in the air to dry 

for 30 minutes. Care was used in allowing for the plastic solution to 

adequately cover the outside of the soil clods while at the same time 

not allowing the plastic solution to penetrate the clods. The clods 

were then weighed in air on an OHaus Dial-O-Gram balance and then 

weighed again while immersed in water-.

Total Nitrogen

Total nitrogen determinations were made by the semimicro- 

Kjeldahl method, a wet-oxidation procedure described by Bremner (1965).

A ground sample was used since ball milling a sample increased the 

total N-values (Walkley, 1935). This is especially important in 

releasing nitrogen tied up by clay minerals.

The nitrogen in the sample is converted to ammonium (NH^+) by 

digestion with concentrated H2SO4. The ammonium is determined from 

the amount of NH3 freed by distillation of the digest with alkali. A 

catalyst of K2SO4 plus CuSO^ . SI^O plus selenium in a ratio of 100:10:1 
was used to speed up and complete the conversion of organic nitrogen to 

ammonium by digestion with H^SO^. The K2SO4 and CUSO4 • SHgO was used
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to raise the temperature and the selenium promotes oxidation of the 

organic matter.

Total Organic Carbon

Total organic carbon was analyzed by the method described by 

Gaudette et al. (1974)> a modified Walkley-Black method. Gaudette et 

al. (1974) found highly significant correlations between the method and 

the Laboratory Equipment Company dry combustion method in the deter

mination of the organic carbon of sediments. This is in contrast to 

earlier claims by Allison (1965) that rapid titration methods are 

subject to errors due to the presence in soil of oxidizable substances 

other than organic carbon such as Cl- , Fe"*"̂ , and Mn+.

Cation Exchange Capacity

Cation exchange capacity was carried out by the modified Barium 

chloride-Triethanolamine procedure described by Chapman and Pratt (1961), 

a method recommended for acid, neutral or non-calcareous soils by 

Mehlich (1945), Hanna and Reed (1948), and Pratt and Holowaychuk (1954).

A 2.50 g soil sample was placed in a 50 ml centrifuge tube. 

Soluble cations were removed by washing two times with 0.1 N HCl by 

centrifugation'. This was followed by a washing with water. The sample 

was saturated with Ba by successive washes with Barium Chloride- 

Triethanolamine. The excess Ba was removed by washing four times with 

portions of 1.0 N ammonium acetate. The Ba was determined indirectly 

by a method described by Mehlich (1960). In this method Ba was precip

itated as BaCrO^ which was then dissolved in HCl. The CrO^" which gave
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a measure of the Ba was determined spectrophotometrically at 423 ym with 

a Coleman Jr. II-A Model 620A Linear Absorbance spectrophotometer.

Exchangeable cations (Ca, Mg, Na, and K) were obtained by 

ammonium acetate extraction. One g of soil was shaken overnight with 

100 ml of 1.0 N ammonium acetate. The suspension was centrifuged and 

filtered. Each cation in the solution was measured on a Perkin Elmer 

Model 303 Atomic Absorption Spectrophotometer.



SOILS AND ENVIRONMENT ON GREENS PEAK 

Location

Greens Peak (3091 m) is located in southern Apache County, 

Arizona, in the Apache National Forest at 34°07' N. latitude and 109° 

34' W. longitude. It includes T 6N R 26E and T 7N R 26E. Maps of the 

area include a 1:24,000 scale Topographic Quadrangle 7.5 minute map 

sheet of the U.S.G.S.

Present Climate

The climate of Greens Peak is a continental climate with warm 

summers and cold winters with extreme seasonal variation. Thomwaite's 

(1948) classification would consider the climate of the White Mountains 

area as humid to moist subhumid. Monthly precipitation data from water 

years 1966-1975 for Greens Peak are shown in Tables 1 and 2. Both 

sites show extreme variance from two stations at 2930 m (9600 ft.) on 

the west aspect. The stations are only 15 m apart, one in the grass

land area and the other inside the spruce forest. The mean annual pre

cipitation for the spruce forest was 69.70 cm (27.44 in.) and 52.04 cm 

(20.49 in.) for the grassland area. The author believes that such 

large differences in recorded precipitation between two stations only 

15 m apart must be due mainly to snow drifting or from excessive canopy 

drip or condensation under the forested station.

Much of the precipitation occurs between July and September as 

afternoon convective thundershowers. The source of this moisture in the
26



Table 1. Monthly Precipitation in Inches for Greens Peak Spruce Forest at 
Elevation 2930 Meters (9600 Feet)-*-

Water
Year Oct. Nov. Dec. Jan. Feb. Mar. Apr. May

10/1-
5/31 June July Aug. Sept.

5/31-
9/30

Grand
Total

1966 0.73 2.25 6.70 1.31 2.00 1.23 0.79 0.31 15.32 1.67 5.02 4.38 2.38 13.45 28.77

1967 0.40 2.21 1.72 0.55 0.34 2.07 0.47 0.58 8.36 2.18 7.81 5.22 3.45 18.66 27.02

1968 0.54 1.11 8.64 0.61 1.05 1.40 0.83 0.55 14.73 0.26 3.95 7.50 0.57 12.30 27.03

1969 0.43 1.43 4.45 2.24 1.81 2.81 0.45 1.36 14.98 0.29 7.95 7.80 2.70 18.74 33.72

1970 1.52 2.02 1.99 0.92 1.89 4.85 1.41 0.69 15.29 1.14 3.36 2.89 2.37 9.76 25.05

1971 2.25 0.23 1.68 1.30 2.17 0.94 1.62 0.49 10.68 0 1.83 5.71 5.01 12.55 23.23

1972 0 0 0 0 0 10.15 0 0.80 10.95 4.12 0 2.80 4.56 11.48 22.43

1973 5.12 2.78 0 3.59 2.42 2.16 7.26 4.24 27.57 3.21 1.06 3.29 0.33 7.89 35.46

1974 0.33 2.42 0 4.75 1.13 0 2.85 0.02 11.50 0 5.38 0 3.30 8.68 20.18

1975 6.90 0 1.47 2.08 4.19 0 4.41 2.70 21.75 1.00 4.00 0 4.77 9.77 31.52

Mean 1.82 1.45 2.67 1.74 1.70 2.56 2.01 1.17 15.11 1.39 4.04 3.96 2.94 12.33 27.44

1. Unpublished data, U. S. Forest Service, Springerville Ranger District, Springerville,
AZ, 1975.



Table 2. Monthly Precipitation in Inches for Greens Peak Grassland at 
Elevation 2930 Meters (9600 Feet)"*-

Water
Year Oct. Nov. Dec. Jan. Feb. Mar. Apr. May

10/1-
5/31 June July Aug. Sept.

5/31-
9/30

Annual
Total

1966 0.46 1.38 3.75 0.41 0.72 0.39 0.25 0.20 7.56 1.71 4.77 4.14 2.23 12.85 20.41

1967 0.32 1.41 1.04 0.46 0.28 1.36 0.39 0.51 5.83 2.05 7.43 5.14 3.49 18.11 23.94

1968 0.30 2.26 1.77 0.49 0.33 2.26 0.42 0.53 8.36 1.19 5.36 3.20 2.15 11.90 20.26

1969 0.25 0.64 2.19 1.18 0.75 1.49 0.26 1.29 8.05 0.26 7.34 7.18 2.58 17.36 25.41

1970 1.18 1.37 1.35 0.61 1.27 2.92 0.91 0.60 10.21 0.89 3.25 2.77 2.34 9.25 19.46

1971 2.26 0.12 0.84 0.66 1.09 0.43 0.80 0.25 6.45 0 1.73 5.39 4.73 11.85 18.30

1972 0 0 0 0 0 6.48 0 0.72 7.20 3.81 0 2.70 4.27 10.78 17.98

1973 4.70 1.19 0 1.44 1.27 1.00 3.39 2.65 15.64 0 4.17 3.16 0.26 7.59 23.23

1974 0 0.84 0 2.31 0.59 0 1.64 0.04 5.42 0 4.88 0 3.28 8.16 13.58

1975 6.13 0 0.67 1.33 1.86 0 1.97 0.88 12.84 0.94 3.97 0 4.60 9.51 22.35

Mean 1.56 0.92 1.16 0.89 0.82 1.63 1.00 0.77 8.76 1.09 4.29 3.37 2.99 11.74 20.49

1. Unpublished data, U. S. Forest Service, Springerville Ranger District, Springerville,
AZ, 1975.
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summer is the Gulf of Mexico. During the winter air masses commonly 

originate in the Pacific Ocean as cyclonic storm fronts. Most of the 

winter precipitation occurs as snow.

The mean annual temperature at Alpine, Arizona (2440 m) which 

is characterized by a cold microthermal climate with humid winters 

thought to be similar to the parkland-mixed forest found around Greens 

Peak is 6.3°C. Using temperature decrease as a function of lapse rate 

in the White Mountains area the mean annual temperature at 2960 m on

Greens Peak can be estimated to be near 0°C (Hevly, 1968; Merrill,
1970; Figure 2)..

The White Mountains also have a large number of days per year 

in which the temperature fluctuates across the 0°C mark. Frost 

wedging activity is directly proportional to this number of days per 

year known as frost-alternation days. Merrill (1970) reported eleva

tions over 2700 m in the White Mountains as having greater than 262 

frost-alternation days per year.

The distribution of vegetation on Greens Peak is a function of 

slope aspect differences due primarily to different amounts of 

incoming solar irradiation which produces marked changes in micro

climate. With vegetation a dependent variable it would be necessary 

to evaluate the role of microclimate which cannot be accurately done 

with the present available data.

The solar irradiation is important in determining the climate 

and is the energy source for the hydrologic cycle. Frank and Lee (1966) 

have published tables for 30 to 50° north latitude to show the amount
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of potential solar irradiation striking various slopes at different 

times of the year. They chose a theoretical parameter to get potential 

solar beam irradiation by neglecting the influence of the atmosphere 

in depleting direct solar energy. The radiation index represents the 

ratio of total annual potential insolation to maximum potential insola

tion at the site. For example, at 34° N latitude for June 22, a 30% 

north slope aspect received 1004.5 langleysand on December 22, only 

170.8 langleys (Figure 3). In contrast, a 30% south slope aspect 

receives 949.5 langleys on June 22 and on December 22, 650 langleys. 

Swift and van Bavel (1961) found high winter energy contrast in solar 
irradiation between slopes but relatively small contrasts in the 

summer agreeing with the Frank and Lee (1966) values. Thus, north 

facing slopes have the least potential insolation, while south facing 

slopes have the greatest.

This amount of solar radiation striking the surface is very 

important in the accumulation of snow. Other factors may influence 

snowline position such as the amount and season of precipitation, 

winter wind drifting, summer temperature, and topographic protection 

against the sun. Evidence of wind action on Greens Peak is provided by 

the remnants of a snow drift observed on July 1, 1975 just inside the 

forest on the west aspect.

Lowe and Brown (1973) reported that air temperature is lower 

in the meadow than in the forest, but the author suspects that this

1. One langley equals one g cal/cm^
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Solar irradiation differences occurring as a function of slope 
aspect (from Frank and Lee, 1966).

Figure 3.
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would be true when solar irradiation is approximately equal. Wind 

currents would be less in the forests.

Soil moisture contents were found to be considerably greater 

in the forested aspects at 50 cm depths than those of the grassland 

aspects (Table 3). This is due most likely to less solar irradiation 

and associated lower evapotranspiration (Frank and Lee, 1966; Klemmedson, 

1964; Cantlon, 1953; Cooper, 1960; and Finney et al., 1962).

Past Climate

With increasing elevation, vegetation types change with each 

vegetation type being characterized by a unique climate. Each type of 

vegetation also has a unique modern pollen rain which can be used as an 

index of modern climate. By matching modern and fossil pollen spectra, 

past vegetation and climates can sometimes be reconstructed (Hevly,

1968). According to Hevly and Karlstrom (1974), a fluctuating pluvial 

cycle culminated 20,000 to 30,000 years B. P. between pronounced non- 

pluvial intervals centered about 40,000 to 50,000 and 5,000 to 6,000 

years B. P. Southwestern climates were in congruence with midcon

tinental and Pacific coastal reconstructions but not with continental 

glacier fluctuations in Illinois. While continental glaciers were 

expanding, southwestern biotic communities were displaced to lower 

elevations and to more southerly latitudes, with pluvial lake 

expansion under conditions of more moist and cooler climates. As the 

glaciers decrease in size, the reverse biotic and geologic phenomena

occurred.



Table 3. Percent Moisture at 50 cm Depth 
for the Ten Soil Pedons

Aspect ................... Percent Moisture

East 27.4

Northeast 21.6

North 19.6

Northwest 18.4

West 20.9

West transition 10.0

Southwest 14.6

South 13.9

Southeast 11.4

East transition 23.8
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Merrill (1974) also claimed from pollen evidence that climates 

fluctuated during late Quaternary time from warm and dry to cold and 

wet. He determined that from the Mount Baldy area treeline fluctuations, 

in glacial times, the mean annual temperature would have been at least 

5°C lower than today. The snowline was also depressed approximately 

1000 m which can be correlated to a temperature decrease of about 6°C. 

However, snowline depressions cannot be used in calculating the increase 

in precipitation during glacial times, although precipitation has been 

established by many to be 20 to 25% higher than today (Merrill, 1974). 

With fluctuations, the temperature rose gradually and moisture decreased 

to that of today.

Vegetative Patterns of the White Mountains 

The White Mountains in Apache County, Arizona typically have 

south and southwest aspects with grassland vegetative cover as evidenced 

by numerous peaks with grass on south-facing slopes and forests on north

facing slopes. However, there are areas of grassland on all aspects. 

These areas of mountain meadow grassland are found to the largest extent 

in the White Mountains (prairies and cienagas of the Apache National 

Forest) between 2300 and 3050 m (Lowe and Brown, 1973).

Common vegetation composition on high elevation grasslands above 

2600 m includes mountain muhly (Muhlenbergia montana), pine dropseed 

(Sporobolus cryptandrus), Carex (Carex spp.), Arizona fescue (Festuca 

arizonica), Kentucky bluegrass (Poa pratensis), June grass (Koeleria

cristata), and mutton grass (Poa fendleriana) (Leven and Stender, 1967; 
Kearney and Peebles, 1951).
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The forests between 2100 and 2600 m consist mainly of ponderosa 

pine (Finns ponderosa) with a few Gambel oak (Quercus gambelii), juniper 

(Juniperus spp.), Douglas-fir (Psuedotsuga menziesii), and an understory 

of mountain muhly, Arizona fescue, and Kentucky bluegrass.

At elevations between 2800 and 3100 m, timbered areas consist 

mainly of mixed conifers, namely Engelmann spruce (Picea pungens), 

white fir (Abies concolor), Douglas-fir, limber pine (Pinus flexilis), 

corkbark fir (Abies lasiocarpa), and quaking aspen (Populus tremuloides) 

according to the Canadian ecological zone of the southwestern United 

States (in Jones, 1973).

Leven and Stender (1967) and the author's observations showed 

quaking aspen, a fire climax species, to be prevalent in large stands 

and intermixed with conifers. Sample cruises by the forest service 

(Leven and Stender, 1967) showed its frequency to be equal to that of 

Engelmann spruce. It was observed to have dominance on sections of 

Greens Peak on the cooler, moist northeast and north aspects. The 

dominance of aspen in some parts of the forest is responsible for the 

harvesting of co-dominant and suppressed merchantable conifers (Leven 

and Stender, 1967).

Observations near the pedons in this study in the forested 

aspects showed practically no herbage production or understory except 

for the northeast aspect of a pure aspen stand. Here 400 lbs. per ac. 

of grassly peavine (Lathyrus graminifolius) was found.

The mixed conifer types have very little understory and in 

many areas 100% litter cover was not uncommon. Herbage production
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under such virgin stands was reported to be only 25 to 100 lbs. per ac. 

with about 200 lbs. per ac.• under aspen stands (Leven and Stender,

1967).

Vegetative Patterns of Greens Peak

Most of the forested aspects on Greens Peak consist of mixed 

conifers. The east aspect inside the forest-grassland boundary was 

predominantly Engelmann spruce with some quaking aspen and intermittent 

grasses. Green jenteian (Gentiana spp.) plants were also noted.

Quaking aspen dominated the northeast aspect with some white 

fir and Engelmann spruce as an understory along with a heavy ground 

cover of grassly peavine.

The north aspect contained many Quaking aspen, Engelmann spruce 

and white fir. More fir was observed here than on any other aspect. 

Grass cover was sparse and nearly non-existent.

The northwest aspect consisted mostly of Engelmann spruce with 

quaking aspen and white fir.

Engelmann spruce dominated the west aspect with the highest 

timber production of the whole transect.

The west transition aspect was sparsely covered with grasses 

but contained a 46-inch d.b.h. wolf ponderosa pine about 50 m upslope 

from the soil sampling site. A ring count indicated it to be in excess 

of 500 years old. Sheep fescue (Festuca ovina), mountain muhly, 

fleabane (Erigeron oreophilus) and Arizona fescue predominated.

The southwest aspect consisted mostly of Arizona fescue, 

grassly peavine, and squirrel-tail (Sitanion hystrix) with 100%
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ground cover and 10-35% density (W. Swenson, oral communication,

Sept. 1975).

The south aspect was dominated by Arizona fescue with less 

than 100% ground cover. Approximately 50% of the Arizona fescue was 

dead. Below the profile was a thicket of Pansy mustard up to 2.5 m 

in height.

Ground cover decreased to only 50% at the southeast aspect, 

a sparse density consisting of mountain muhly, wormwood (Artemesia 

dracunculoides), and Arizona fescue.

Major changes in vegetation occurred toward the east transition 

aspect as Arizona fescue, mountain muhly, and grassly peavine predomi

nated. The difference between the green weights and dry weights was 

the greatest among all the other aspects. Many green jenteian plants 

were noted nearby with scattered Engelmann spruce, Ponderosa pine and 

quaking aspen.

Biomass production data is reported in Tables 6-15, Appendix 

B, with scientific names of grass vegetation taken from Kearney and 

Peebles (1951). Volume tables were constructed from Gevorkiantz and 

Olsen (1954) and Husch et al. (1972) and then converted from cu. 

ft. per ac. to lbs. per ac.

The Difference between Forested and 
Grassland Areas in the Southwest

Most mixed conifer associations seem to have been started by 

wildfires (Pearson, 1914) with initial stages often being forbs and 

aspen. In the absence of a coniferous seed supply, aspen has been
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known to persist for centuries; if a seed source is present it is often 

invaded rapidly (Jones, 1973). Aspen reproduces almost entirely by 

root suckers and not by seed (U.S.D.A. Forest Service, 1965).

Late spring is the dry season in the White Mountains with 

summer convective thunderstorms providing most of the annual precipi

tation in July, August, and September. Therefore, most conifers do 

not germinate until the summer rains begin. However, white fir and 

corkbark fir germinate in the spring on the moisture from snowmelt. 

Thus, seedlings have a difficult time in the dry period of late spring 

especially with shallow rooted corkbark fir. This could explain the 

absence of corkbark fir from our sample sites. Also, the seed could 

be eaten by rodents (Jones 1967, 1973). An overstory is needed for 

the reproduction of shade tolerant conifers (Jones, 1973).

Seedlings of white fir, Engelmann spruce, and corkbark fir, 

being the most shade tolerant trees, die when exposed to full sunlight. 

In contrast, ponderosa pine and aspen (the two tree species often 

observed near the forest-grassland border on Greens Peak) being the 

most shade intolerant are well adapted to sunlight.

Frost heaving (associated with the number of frost alternation 

days per year) and erosion can wipe out shallow rooted seedlings in the 

open. Burning or heavy cutting can lead to rapid aspen root sucker 

growth, whereas early root growth of Engelmann spruce seedlings if 

slow. The browsing of deer and cattle can also hinder regeneration of 

aspen particularly in open grassy areas.
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The influence of wind direction from the south to southwest and 

the different amounts.of solar irradiation (Frank and Lee, 1966) play a 

major role in determining vegetation differences on the different 

aspects on Greens Peak. Evidence of the role of wind and solar radia

tion was provided by remnants of a snow drift inside the forest near 

the forest-grassland border which still persisted at the beginning of 

July of 1975.

The distribution of grasses and trees on Greens - Peak is a 

function of slope aspect differences, which in turn produces marked 

different microclimatic changes. Thus, vegetation is a dependent 

variable in this study.

The author observed that two open grassland areas in the NEE 

and NWW aspects were situated on the high part of an interfluvial area. 

These areas might be expected to have less soil moisture and faster 

drainage to lower areas and would receive more solar radiation. The 

result would be more evapotranspiration and less timber establishment 

(Lowe and Brown, 1973), and more freezing and thawing cycles to upset 

seedling development (Jones, 1973).

The soils of the mountain grassland have high rates of evapo

transpiration (Lowe and Brown, 1973). In many areas a near-timberline 

situation of short trees often exists directly at the grassland-forest 

border, where 1.5 m trees at the immediate edge may be the same age as 

10 m tall trees only 6 m back inside the forest. It is known that air 

temperature is lower in the meadow than in the forest, but whether micro

climatic differences depend on the environment created by the meadow and
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forest or whether it is an explanation of its existence is not known 

(Lowe and Brown, 1973).

Hevly (1968) suggested that expansion of grassland into areas 

which might otherwise be dominated by trees is a response to edaphic 

conditions rather than any major change of climate with elevation. 

However, no field data were presented to substantiate such a theory.

According to Bailey et al. (1964) in Illinois, the forests 

invading the prairie depends on the existing forest to break the sod 

through shading, and to improve moisture relationships through pro

tection from wind.

It is the author's opinion that the microclimatic (mainly solar 

radiation) explains the vegetative differences on Greens Peak.

History of Greens Peak

Greens Peak was included in the area encompassed by the Burnt 

Mill Timber Sale and is shown on the North Unit Timber Sale Map by the 

Springerville Ranger District. The East side of Greens Peak was cut 

over during the North multiproduct timber sale which ran from July 1, 

1968 to June 30, 1973. Small blocks of aspen poles were sold on both 

the north and east sides of the peak.

Although the forest service has no record of any fire on Greens 

Peak within the last 80 to 100 years, the author speculates from several 

increment borings on aspen trees, trunk scars, and scarred snags that 

the northeast area was burned over approximately 50 to 55 years ago.
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Geologic Structure, Origin and Age

The White Mountains, where Greens Peak is found, is in east 

central Arizona on the southern edge of a structural subdivision of the 

Colorado Plateau called the Mogollon Slope (Figure 4). The Mogollon 

Slope is a broad homocline extending from the Mogollon Rim on the south 

to the'Black Mesa Basin and Defiance Uplift on the north. The White 

Mountains consist mainly of basaltic cinder cones and lava flows (White 

Mountain volcanic field). Basalt occurs as dikes on the lower slopes 

of the mountains and forms large flows away from the composite 

volcanoes. The basalt overlies colluvium and older volcanics (Merrill, 

1970).

Near Springerville, east of Greens Peak, early volcanic rocks 

known as the Eagar Formation are overlain by Datil Formation lava from 

the volcanoes which are older than eight million years. Sirrine (1958) 

thought the Eagar Formation to be late-Cretaceous to Eocene in age.

Rutledge (1956) mentioned that the vast Datil lava field con

sisting of the basalt capped mesas and cinder cones that dominate the 

landscape on the eastern edge of the White Mountains was the most wide

spread of Tertiary events in Eastern Arizona.

The early volcanic rocks represent a middle Tertiary episode of 

volcanism in eastern Arizona and western New Mexico. Wruck (1961) 

considered similar sediments near Alpine, Arizona to be of middle 

Tertiary age. These sediments were correlated by Sirrine (1958) with 

the Datil Group, which were deposited during and after the Datil 

volcanics in New Mexico and volcanic rocks of the Mogollon Mountains in
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Figure .4— - Schematic map of the geologic structure of the White 
Mountains and surrounding area.
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New Mexico as well as mountains in adjacent Arizona during middle 

Tertiary time.

The events in the Springerville peneplain area since late 

Tertiary time reflect cycles of an unending sequence of uplift of the 

Colorado plateau, climatic changes, cycles of erosion, volcanism and 

deposition, according to Rutledge’s (1956) ten episodes. Correlations 

could be made with volcanic events of the San Francisco volcanic field 

near Flagstaff, but there is no proof. According to Rutledge (1956), 

elevations 2750 m or above would most likely have formed in the Post 

Datil time.

Tectonism and associated volcanism were active in the vicinity 

of the White Mountains during Oligocene to early Miocene time (Merrill, 

1974). Unfortunately, few potassium-argon dates are available for the 

volcanic rocks within this part of the Colorado Plateau (Damon, 1968). 

Merrill (1970) determined, by the potassium argon method, that the 

basalt overlying the Sheep Crossing Formation was 8.9 ± 0.9 million 

years old.

Preservation of surface features such as splatter cones and 

pressure ridges suggests that many flows are younger than the early 

Pliocene age of the basalt over the Sheep Crossing Formation. On flows 

having a heavy vegetative cover with a soil profile thicker than one 

meter, great antiquity is suggested as compared to younger basalts which 

erupted later (Merrill, 1970).

Due to the variable surface of the basalt flows, a wide range in 

the age of the basalt is evident. For example, flows around
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Springerville have a thin soil profile with well preserved spatter 

cones and pressure ridges. These are comparable to the stage 3 flows 

of the San Francisco Volcanic Field which are of late Pleistocene age 

(Colton, 1967; Cooley, 1962).

Near Mount Baldy spatter cones and pressure ridges are absent. 

However, the surface of the cienegas are dotted with small mounds 0.6 

m and 3-6 m in diameter. These mounds resemble the mima mounds of the 

northwestern United States (Merrill, 1970). The mounds most likely 

formed as a result of differential weathering of basalt flows. The 

intermoundal areas have higher clay contents and are not as well 

drained as the porous mounds, but otherwise no differences were found. 

Merrill (1970) describes their formation in more detail.

These mounds were also observed on the cienegas below the cone 

of Greens Peak. This could also help correlate the Inceptisols of 

Greens Peak to the higher elevations of the northwest where they are 

more common. Thus, the gradation from thin soil to thick soil under 

the mounds on the basalt flows suggests that the White Mountain 

Volcanic Field was active in basalt eruptions from early Pliocene time 

(from potassium-argon date) through the Pleistocene (Merrill, 1970).

Soils of. the White Mountain Area

Many of the grassland soils are in the Bandera series (a 

cindery family of Torriorthentic Haploboro11s) consisting of well- 

drained soils forming on fans and toe slopes of volcanic cinder cones. 

These soils have slopes ranging from 0 to 60% and occur at elevations 

from 1800 to 2300 m. The average annual precipitation is 30 to 40 cm,
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with the average temperature 7 to 9°C. Due to the high elevations above 

2300 m on Greens Peak the grassland soils have been given the series 

name Greens Peak (tJ. S. Forest Service, 1975).

In the forested area, the Sponsellor series (a fine-loamy, mixed 

family of Typic Argiborolls) predominates on cinder cones and basalt 

flows at elevations between 2100 and 2600 m. It is well-drained with 

slopes ranging from 3 to 40%. The average annual precipitation is higher 

ranging from 50 to 70 cm with a mean annual temperature ranging from 4 

to 7°C.
Soils above 2800 m are similar to the Sponsellor series but would 

be classified as Argic Cryoborolls (Soil Survey Staff, 1976).

Classification of the Pedons Sampled on Greens Peak

Pedon descriptions of the ten soils sampled are given in Appendix 

A. Nine of the ten soils were found to be members of a cindery family of 

Typic Cryandepts. The northwest pedon with a weakly developed argillic 

horizon is classified as an Andeptic Cryoboralf. The east and northeast 
pedons showed incipient argillic horizon development but lacked sufficient 

increase in clay to qualify as Andeptic Cryoboralfs. To be considered an 
Alfisol an argillic horizon is required. In these particular soils at 

least 3% more clay is needed in the B2t than in the overlying horizon for 

an argillic horizon (Soil Survey Staff, 1976).

All the soils have a udic moisture regime and cryic soil tempera

ture regime (Soil Survey Staff, 1976). The grassland sites were mapped
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as the Greens Peak series (a member of the cindery family of 

Torriorthentic Haploborolls) and the forested sites as the Sponsellor 

series (a member of the fine-loamy, mixed family of Typic Argiborolls)
In the grassland pedons a key distinguishing criteria between 

Mollisols and Inceptisols. is the presence or absence of a mollic epi- 

pedon. Even though many of the sites have mollic epipedons, they are 

not Mollisols since the soils exchange complex is assumed to be domi

nated by amorphous materials or to be 60% by weight vitric volcanic 

cinders (Soil Survey Staff, 1976). This assumption is based on cation 

exchange capacities which are much higher than would be expected in such 

coarse textured soils. Also the high gravel contents (greater than 2 mm 

size fraction) of the soils is dominated by cinders.

The clay mineralogy' of the soils will be determined in the 

future at which time the content of amorphous materials will be known. 

Andrew (1970) found high amounts of amorphous clays in lower elevation 

grassland soils formed on cinder cones northeast of Greens Peak.

The presence of channels on gentle slopes between interfluvial 

areas on the forested aspects indicates slight erosion. Most of the 

grassland aspects lacked erosion or showed slight erosion as indicated 

by surface creep and clumps of grasses. Only the southeast aspect had 

some sheet erosion. All sites were well drained with deep groundwater. 

Thus, the author assumes that slope percents and convexity were not 

conditioning variables of soil properties.

1. Classified by U. S. Forest Service, unpublished data, 1975.



RESULTS AND DISCUSSION

Method of Analysis

The descriptions of the 10 pedons analyzed in this study are 

presented in Appendix A.

To study the influence of slope aspect variations on the 

selected soil properties we can consider the other factors to be 

relatively constant, namely, the parent material (consisting of 

basaltic cinders), time (age of eruption), and topography (sites 

chosen at 2960 meters on slopes of 26 to 45%, on interfluvial areas).

The nature of the soils developed on Greens Peak are believed 

to be primarily controlled by the climate soil forming factor, rather 

than parent material, vegetation, topography or time. This conclusion 

is reached not only from field observations, and other slope aspect 

studies reported in the literature, but also from individual pieces of 

data produced by both field and laboratory analyses.

To determine any possible significance between the forested 

soils (east, northeast, north, northwest, and west aspects) and the 

grassland soils (west transition, southwest, south, southeast, and 

east transition aspects) a T-test was run between the two groups based 

on the weighted averages of 100 cm depth for the soil properties of Ca, 

exchangeable bases, base saturation, total cation exchange capacity, 

total nitrogen, total organic carbon, carbon-nitrogen ratio, pH, percent 

sand, percent silt, percent clay, and moisture content. Vegetative 

biomass production was also correlated between the grasslands and forests.

48
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Differences among the soils using this approach were fewer 

than expected. The clay percentages, moisture contents, and carbon- 

nitrogen ratios were all greater in the forested aspects. Biomass pro

duction was also higher in the forested sites. No soil property 

differences existed between forested and grassland aspects when the 17 

composite surface soil samples (0-5 cm depth) were compared. Only 

biomass production was significantly greater in the forested aspects.

Kohnke, Stuff and Miller (1968) studied the gradual changing of 

climatic parameters and. found.relationships between what were biofactors 

(quotient expressing humidity climatic values) and five soil properties 

(pH, exchangeable hydrogen, cation exchange capacity, and nitrogen and 

carbon contents) of surface soils (0-25 cm) to be highly significant.

On the other hand, no significant correlations were found between the 

biofactor and soil properties of the subsoil (25-100 cm). This 

suggests that greater differences would have been shown by comparing 

weighted averages from the top 10-20 cm of the soils rather than 100 

cm depth.

Vegetative Biomass Production

Biomass production was greater in the forested aspects compared 

to that of the grassland aspects as revealed in Tables 6-15 (Appendix 

B). The west aspect was the most dense and heavily vegetated plot with 

7836 pounds of vegetative production to the acre (Table 10, Appendix 

B). The north aspect had the smallest sized timber (Table 8, Appendix 

B). The more intense insolation of the southern exposures may have 

placed the grasses under a greater moisture stress. For example, it
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was observed that nearly 50% of the Arizona fescue on the south aspect 

was dead. Klemmedson (1964) suggested that this could possibly be 

due to reduction in root production. The west transition and south

east aspects had only approximately 50% ground cover with the lowest 

production figure of all aspects (1462 lbs. per ac.) occurring on the 

west transition aspect (Table 11, Appendix B).

Total Nitrogen, Total Organic Carbon, and 
Carbon-Nitrogen Ratio Values

Total nitrogen and total organic carbon in nearly all pedons 

were high except for the west transition pedon, with values greater 

than 0.34% N and greater than 5.5% C in the upper horizons. Values 

all decreased with depth. These trends are shown with depth in 

Figures 5, 6, and 7. This is what would be expected at high elevations 

due to cool temperatures and fairly high moisture conditions favoring 

organic matter production and accumulation in soils. Other authors 

(Hockensmith and Tucker, 1933; Martin and Fletcher, 1943, among others) 

have also observed this.

The grassland sites generally have higher percentages of total 

nitrogen in the upper horizons than the forested aspects which corre

lates well with Gillam’s (1939) data. The notable exception was the 

west transition aspect, considered to be in the grassland, having a 

low nitrogen content (0.18%). This is probably due to the fact that 

it was cut back in from the road cut where leaching could rapidly 

deplete nutrients.
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There were no apparent differences in total organic carbon 

between the soils of the forested and grassland aspects. Bailey et 

al. (1964) found different results with higher organic carbon contents 

in the Al horizons of the forest soils over grassland or transitional 

soils than forest soils and less organic matter was found in the lower 

horizons of the forested areas than the grassland areas.

Harradine and Jenny (1958) found soil nitrogen content to be 

highest in the north to northeast slopes and lowest in the southwest 

slopes. Whittaker et al. (1968) found that the soils on the north 

slopes of the Santa Catalina Mountains in Arizona had higher amounts 

of organic matter and nitrogen than those of the south slopes. How

ever, both slopes were forested in contrast to Greens Peak. Organic 

matter, nitrogen, and carbon-nitrogen ratios all tend to decrease with 

an increase in temperature. This explains Whittaker's results of 

higher values on the cooler north slopes.

The minimum range of carbon-nitrogen ratios is roughly 8 to 12 

which represents complete microbial decomposition of organic matter 

(e.g., hot deserts) according to Martin and Fletcher (1943). Martin 

and Fletcher (1943) further found that in colder, high elevations, the 

maximum range reflecting the original plant material or incomplete 

decomposition would be from 16 to 200. With cold temperatures the 

carbon-nitrogen ratio may become as wide as that of undecomposed plant 

material since the nitrogen content approaches that of vegetation. In 

virgin soils the carbon-nitrogen ratio tends to be high as plant 

substances are perpetually recycled. High carbon-nitrogen ratios
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(26-46) for a fir forest have been reported by Bodman (1935) for the 

A horizons.

Evidence of fire which occurred approximately 50-55 years 

ago was observed from the east to north aspects on Greens Peak, 

notably in the northeast aspect where quaking aspen trees dominated. 

Barnette and Hester (1930) reported that undisturbed forest soils are 

richer in organic matter and nitrogen than those in burned areas.

Boyle (1973) reported that no apparent change in total nitrogen 

occurred a year after a prescribed burn in the Lake States. The 

author found no differences in organic matter or nitrogen contents on 

the northeast aspect on Greens Peak as compared to other forested 

aspects. The only notable observance was the establishment of a 

stand of aspen. Birkeland (1974) concluded that organic matter pro

perties of the soil reach a steady state rapidly which also explains 

the negligible effect of a fire of 50 years ago.

Cation Exchange Capacity and Exchangeable Bases

On Greens Peak the east and north aspects have the lowest base 

status which shows the greatest decrease with depth (Figure 8). The 

evidence of fire could well have kept the base status high for the 

northeast aspect because aspen leaves contribute more bases than mixed

conifers. Burned areas of soil were found to be less acid and contain
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Figure 8. Exchangeable, bases and cation exchange capacity distributions 
with the depth of the ten soil pedons; (f) forested, (g) 
grassland.
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more exchangeable bases, notably Ca, in the surface layer, and decid

uous trees are generally richer in bases than conifers (Alway and

McMiller, 1933; Stepanov, 1932; Ovington, 1953; and Boyle, 1973). On 

Greens Peak the base saturation was higher in the northeast pedon than 

its neighboring east and north pedons. This is thought by the author 

to be related to the aspen vegetation rather than by the release of 

cations from the ashing of organic matter from fire which occurred 

about 50 years ago.

Bailey et al. (1964) found that forest soils in Illinois have 

a higher base status in the Al horizons than the grassland or transi

tional soils. They also found higher cation exchange capacities and 

lower base status below the Al horizons of the forest soils as 

compared to the transitional soils. Calcium, which decreased with 

depth, was the dominant exchangeable cation in Bailey's study. Mag

nesium was second in abundance but increased with depth. The same 

was true on Greens Peak except that Mg varied considerably with 

depth indicating that a certain amount was recycled above ground by 

the vegetation as well as being derived from weathering of the parent 

material. White and Riecken (1955) also reported lower base status 

below Al horizons in the forest soils, showing that the forest soils 

weather more rapidly than soils under prairie vegetation. The Al hori

zon in the forest soil was higher in bases and pH than the Al horizon 

in the prairie soil.



58

In the Santa Catalina Mountains of Arizona, Whittaker et 

al. (1968), found that north slopes had greater cation exchange 

capacities than south slopes, and that Ca, Mg, and K all decrease with 

increasing elevation. However, both slopes were forested.

Values of pH

The pH values in most of the soil horizons on Greens Peak 

were below 7.0, some of which were as low as 5.3 (Figure 9). Gen

erally, soil pH values increase towards drier sites (Jenny, 1941).

On Greens Peak the horizons with the lower pH values and lower base 

saturation were found in the more moist forest soils. The pH values 

and the base saturation tended to decrease with depth in the forest 

soils but appeared to be more uniform or to increase with depth in 

the grassland soils. The decrease in pH and base saturation with 

depth was less in those forest soils which were influenced by aspen 

trees (northeast aspect).

Particle Size

Surface soil textures are uniform, all being very gravelly or

gravelly silt loams. All profiles have fairly high percentages of 
silt (greater than 50%) in the upper horizons which decreases with 

depth as shown in Figure 10. Associated with the decrease in silt with 
depth is an increase in sand. Clay which is present in lesser amounts 
(less than 15%) shows a general decrease with depth.
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The forested soils are higher in clay, especially in the upper 

50 cm. In addition, a relatively small clay accumulation occurred in 

the B2 horizons in three of the forested aspects. The forest soils 

all have B horizons (either cambic B's or weakly developed argillic 

horizons) whereas the grassland soils did not have B horizons except 

for the east transition pedon. This indicates that the soils on 

Greens Peak are young since they either lack or only show incipient 

argillic horizon development. Bailey et al. (1964) noted higher clay 

accumulation in the forest soils over transitional or grassland soils.

Studies by Losche (1967), Jenny (1941) and others found that 

clay content increases with increasing temperature. The author 

assumes that the warmer south slopes of Greens Peak have less clay 

because the forested and cooler aspects have more moisture to enhance 

leaching and clay development. Thus, it appears that temperature plays 

a secondary role to leaching with regard to clay development on Greens 

Peak.

The northwest and west pedons showed the smallest content of 

gravel (greater than 2 mm size fraction) (Table 16, Appendix B) sug

gesting that the soils on these aspects have undergone the greatest 

weathering. Also, remnants of a snowdrift persisting into the summer 

in the vicinity of the west pedon, as observed in July of 1975, could 

enhance weathering of the upper profiles with added moisture available
I
for leaching. This wind blown snow accumulation could be dominant 

over slope aspect as a soil former. The north aspect has the highest 

amounts of gravel in the upper horizons. Many areas had cemented
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cinders near the surface. From several attempts to dig a pedon on the 

north aspect and the coarser cinders present, the author assumes that 

it is the least weathered of all aspects.

However, it should be noted that the southeast and east tran

sition aspects both contained cemented C horizons, i.e., C2 (58-90 cm) 

and Cl (76-100 cm), respectively. This indicates that on these sides 

of the cinder cone weathering has not been as strong as the depths 

where the C horizons occur as on other aspects. The C2 and C3 horizons 

of the southeast aspect contained greater than 90% gravel as did the 

Cl and C2 horizons of the east transition aspect.

Horizon Depths

The A1 horizons of the forested soils are relatively thick, 

indicating that the forest has not totally influenced the soil profiles. 

Increasing forest influence is thought to decrease the A1 horizons' 

thickness (White and Riecken, 1955). However, the grassland soils have 

A1 horizons that are generally twice as thick as those in the forested 

aspects.

The forested pedons also have the greatest depths above the Cl 

horizons being generally 20-40 cm deeper in depth due to the influence 

of weathering caused by more moisture and litter accumulation.

The 0 horizons are the thickest in the east, northeast, north 

and northwest aspects (Table 4). These aspects also have the greatest 

biomass production, except for the west aspect. The 0 layers were thin 

or non-existent in the west and grassland aspects.
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Table 4. Organic Horizon Depths for the Ten Soil Pedons

Aspect Slope Horizon Horizon Depth (cm)

East 45 01 9-6
02 6—0

Northeast 32 01 4-3
02 3-0

North 41 01 5-4
02 4-0

Northwest 26 01 5-4
02 4-0

West 28 01 1-0

West Trans. 30 - -

Southwest 35 01 1-0

South 37 01 1-0

Southeast 35 01 2-0

East Trans. 40 01 1-0
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Little boundary differences were noted when comparing the 

grassland soils to the forest soils. Nearly all boundaries were 

clear or gradual, smooth or wavy. This is in contrast to White and 

Riecken (1955) who recorded that grassland soils have less distinct 

boundaries than the transitional or forested soils.

Bulk Density

Too few pedons were obtained to give satisfactory results or 

to draw any significant correlations. The bulk densities that were 

determined are listed in Table 5. Since the soils are, for the most 

part, loosely compacted, their moisture equivalents and water holding 

capacities would be expected to be high. Also, there are fewer fines 

to clog up the pores (increasing volume weight) and decrease volume 

space. Thus, the expected high infiltration rates and permeability 

should hinder rapid runoff and erosion from flash summer showers.

Silica and Opal Study

The grass opal contents of soils can be a useful indicator of 

vegetative history. This could be very important in studying the 

transition zone on Greens Peak to determine which way the forest- 

grassland border has shifted or whether it has persisted in place over 

the last several thousand years (Witty and Knox, 1964). This is par

ticularly important where silica may be readily available from volcanic 

weathering.

The cycle of silica begins with monosilicic acid in the soil 

solution. When absorbed by plants, opaline silica is deposited in
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Table 5. Some Bulk Density Determinations in g/cc

Aspect Horizon Bulk Density

West All 1.23

A12 1.54

A3 1.06

B21 1.31

Cl 1.59

Southwest A13 1.46

Cl 1.68

South A13 1.18

Cl 1.18

East B1 1.32

Northeast B1 1.29

B21t 1.33

B22 1.53

Northwest B21t 1.10
B23t 1.08
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their tissues. The silica is returned to the soil as opal in dead 

plants. Opal particles can make up as much as 1-2% of the weight of 

the soil under grass, forming an important source of monosilicic acid 

for future cycling (Jones and Handreck, 1967). Biogenic opal could 

provide important information since amorphous silica in the surface 

soils may be almost exclusively derived from plants.

Throughout the United States ecology studies have been carried 

out on plant opal as reviewed by Gels and Jones (1973). Great poten

tial for opal appears in areas where discrete changes in plant cover 

have occurred in the recent past.

Wilding and Drees (1973) found that some forms of opal provide 

good differentiation of grass versus forest origin of the opal. This 

can be most useful for evidence of former forest habitats.

Land Use Planning and Recommendations 

The changing demands for food and fiber production, land avail

ability and potential, land use competition, timber harvesting, grazing 

potential, and the mining of cinders emphasizes the fact that care must 

be taken in the land use on Greens Peak and similar areas of Arizona.

Only 5-10% of the total grass production should be allowed to 

be grazed because of erosion hazards. The soil steps formed by slight 

surface creep around grass clumps greatly help in preventing serious 

erosion from heavy summer rains. With the current management system 

the cattle are allowed to graze in the area from the end of May to the 

middle of October. This should pose few problems with overgrazing
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which could enhance erosion and reduce soil fertility (W. Swenson, 

oral communication, October, 1975).

Interruption of climax vegetation within the Engelmann spruce- 

fir forest can cause serious management problems by changing soil 

temperature and soil moisture regimes leading to.soil erosion. The 

removal of such a forest cover on steep slopes would raise the soil 

temperature and increase evaporation (placing a stress on vegetation) 

as well as enhancing erosion.



SUMMARY AND CONCLUSIONS

Soil differences due to the influence of aspect and the vege

tation associated with aspect on Greens Peak are less than anticipated. 

The most important difference is the clay content which is more than 

twice as high in the upper 50 cm of the forest soils than in most of 

the grassland soils. Associated with the higher clay contents in the 

forest soils are the presence of cambic or weakly developed argillic 

horizons that are generally absent in the grassland soils.

Organic matter content is generally high in the surface horizons 

of the soils on Greens Peak as indicated by the organic carbon (greater 

than 5.5%) and total nitrogen (greater than 0.34%). Very little dif

ference in the total amounts and in the depth distributions of organic 

matter were discernable between the forest and grassland soils, although 

the grassland soils generally contained more nitrogen in the surface 

horizons. The carbon-nitrogen ratio thus tended to be higher in the 

forest soils.

Most of the horizons in all soils had pH values less than 7.0, 

some of which were as low as 5.3. The horizons with the lower pH 

values are present in the forest soils. Associated with the generally 

acid pH values are low base saturations. The pH values and the base 

saturation tended to decrease with depth in the forest soils but 

appeared to be more uniform or to increase with depth in the grassland 

soils. The decrease in pH and base saturation with depth was less in 

those forest soils which were influenced by aspen. It is thought that
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the deciduous aspen trees were important in cycling bases (especially 

Ca) and thus maintaining higher pH and base status than were the 

conifers.

The distribution of vegetation on Greens Peak is a function of 

slope aspect which in turn produces marked different microclimatic 

changes. The vegetative patterns of the forested north slopes consist 

dominantly of Engelmann spruce on the west and east slopes, aspen on 

the northeast slopes, with aspen, white fir, and Engelmann spruce on 

the north and northwest slopes. The transition zones of the east and 

west slopes were mostly grasslands with some ponderosa pine and aspen 

while the south slopes were all grassland. The dominant species of 

grasses were mainly Arizona fescue and mountain muhly. Sheep fescue 

and mountain muhly predominated on the west transition aspect. The 

southwest and south sites consisted mostly of Arizona fescue while the 

southeast and the east transition sites consisted dominantly of both 

Arizona fescue and mountain muhly.

The forested areas have much greater biomass production with the 

west aspect the most dense and heavily vegetated plot with 7836 lbs. 

per ac. of vegetative production. The west transition zone showed the 

least vegetative cover of all sites with only 1462 lbs. per ac.

The influence of wind direction from the south to southwest and 

different amounts of solar irradiation on the different aspects are the 

most likely determinants of the vegetative differences. The soils of 

the cooler, moister forested north slopes had considerably higher 

moisture contents than the drier grassland south slopes. Remnants of a
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snow drift just inside the forest on the west aspect in early July,

1975, provides evidence for wind action. The effect of wind and snow 

accumulation on Greens Peak appears to be particularly important on the 

west and northwest aspects. The soils on these two aspects apparently 

have undergone the greatest weathering.

The soils of Greens Peak are relatively young in age and show a 

lack of significant development making it difficult to correlate to 

other study areas of the United States. Perhaps with time the soils 

on Greens Peak could very well show similar soil property trends and 

relationships with other study areas involving the forest-grassland 

and its transition zone.

In the central United States good correlations between soil 

properties have been found due to a constancy of soil formers. But, 

on Greens Peak and in other sectors having high mountains and/or the 

influence of the ocean such wide variations in climate, organisms, 

parent material, and topography result that general functions among 

soil properties are difficult and correlations are less meaningful.

The greater the number of constant soil-forming factors the better the 

chance of obtaining good results since it is unlikely that a valid 

function between two different soil properties exists (Jenny, 1941).

The Cryandepts which are the dominant soils on Greens Peak have 

had only preliminary study with subgroups not fully developed yet (Soil 

Survey Staff, 1976). The soils are too few and those in the United 

States are generally too inaccessible being common near volcanoes of 

high elevations.
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The data presented in this study have hopefully promoted greater 

interest in the young geomorphic surfaces of Greens Peak and other 

surrounding cinder cones and their ecosystems. Their easy access should 

enhance further study.



APPENDIX A

SOIL PEDON DESCRIPTIONS FOR GREENS PEAK
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East Aspect; elevation 2960 m, slope 45%

Typifying Pedon: Very gravelly silt loam - mixed conifer forest

01 —  9-6 cm —  Dominantly spruce needles, a few aspen leaves and twigs
varies from fresh to partially decomposed organic matter; 
clear smooth boundary.

02 —  6-0 cm —  Dark-colored decomposed organic matter; abrupt smooth
boundary.

A1 —  0-20 cm —  Brown to dark brown (10YR 4/3) very gravelly silt
loam, very dark grayish brown (10YR 3/2) moist; weak fine 
granular structure; soft, very friable, slightly sticky, 
nonplastic; plentiful coarse and medium roots, few fine 
roots, very few very fine roots, medium acid (pH 5.8); 
gradual smooth boundary.

B21t —  20-44 cm —  Dark yellowish brown (10YR 4/4) very gravelly silt
loam, dark brown (10YR 3/3) moist; weak medium subangular 
blocky; slightly hard, friable, slightly sticky, nonplastic; 
plentiful coarse and medium roots, few fine roots; strongly 
acid (pH 5.5); gradual smooth boundary.

B22t —  44-62 cm —  Brown (7.SYR 5/4) very gravelly silt loam, brown to 
dark brown (7. SYR 4/4) moist; weak medium sub angular blocky; 
slightly hard, friable, slightly sticky, nonplastic; few 
coarse roots, plentiful medium roots, few fine roots; 
strongly acid (pH 5.4); gradual smooth boundary.

B23 —  62-78 cm —  Strong brown (7.SYR 5/6) very gravelly silt loam,
brown to dark brown (7.SYR 4/4) moist; massive structure; 
slightly hard, friable, slightly sticky, nonplastic; very 
few coarse roots, abundant medium roots, very few fine roots 
strongly acid (pH 5.4); gradual wavy boundary.

Cl —  78-110 cm —  Strong brown (7.SYR 5/6) very gravelly sandy loam,
dark reddish brown (SYR 3/4) moist; massive structure; 
slightly hard, friable, nonsticky, nonplastic; plentiful 
medium roots, very few fine roots; strongly acid (pH 5.4); 
gradual wavy boundary.
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C3 —  130-150 cm —  Strong brown (7.SYR 5/8) very gravelly sandy loam,
reddish brown (SYR 4/4) moist; massive structure; slightly 
hard, friable, nonsticky, nonplastic; strongly acid (pH 5.3).

C2 —  110-130 cm —  Strong brown (7.SYR 5/8) very gravelly sandy loam,
reddish brown (SYR 4/4) moist; massive structure; slightly
hard, friable, nonsticky, nonplastic; few medium and fine
roots; strongly acid (pH 5.3); clear wavy boundary.

Northeast Aspect; elevation 2960 m, slope 32%

Typifying Pedon: Very gravelly silt loam, aspen and mixed conifer
forest

01 —  4-3 cm —  Dominantly aspen leaves and dead grass stems, some
spruce and fir needles and twigs; varies from fresh to 
partially decomposed organic matter; abrupt smooth boundary.

02 —  3-0 cm —  Dark-colored decomposed organic matter; abrupt smooth
boundary.

A1 —  0-8 cm —  Brown to dark brown (10YR 4/3) very gravelly silt loam,
very dark grayish brown (10YR 3/2) moist; weak fine granular 
structure; soft, very friable, slightly sticky, nonplastic; 
plentiful coarse and medium roots, few fine roots; medium 
acid (pH 5.8); clear smooth boundary.

B21t —  8-18 cm —  Brown (7.SYR 5/4) very gravelly silt loam, brown to
dark brown (7.SYR 4/4) moist; weak fine granular structure; 
soft, very friable, slightly sticky, nonplastic; plentiful 
coarse and medium roots, few fine roots; medium acid (pH 
5.9); gradual smooth boundary.

B22 —  18-48 cm —  Strong brown (7.SYR 5/6) very gravelly silt loam,
brown to dark brown (7.SYR 4/4) moist; massive structure; 
slightly hard, friable, slightly sticky, nonplastic; plenti
ful coarse, medium, and fine roots, few very fine roots; 
slightly acid (pH 6.3); clear smooth boundary.

B23 —  48-64 cm —  Yellowish red (SYR 5/6) very gravelly loam, reddish
brown (SYR 4/4) moist; weak medium subangular blocky struc
ture; slightly hard, friable, slightly sticky, nonplastic; 
few coarse roots, plentiful medium roots, few fine roots; 
slightly acid (pH 6.5); gradual smooth boundary.

B3 —  64—80 cm —  Yellowish red (SYR 5/6) very gravelly sandy loam,
reddish brown (SYR 4/4) moist; massive structure; slightly 
hard, friable, slightly sticky, nonplastic; few coarse roots, 
plentiful medium roots, few fine roots; slightly acid (pH 
6.5); gradual wavy boundary.
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C2 —  95-105 cm —  Yellowish red (SYR 5/8) very gravelly sandy loam,
yellowish red (SYR 4/6) moist; massive structure; slightly 
hard, friable, nonsticky, nonplastic; few medium roots; 
slightly acid (pH 6.2); clear wavy boundary.

C3 —  105-130 cm —  Yellowish red (SYR 5/8) very gravelly sandy loam,
yellowish red (SYR 4/6) moist; massive structure; slightly 
hard, friable, nonsticky, nonplastic; slightly acid (pH 
6.2).

Cl —  80-95 cm —  Yellowish red (5YR 5/6) very gravelly sandy loam,
reddish brown (SYR 4/4) moist; massive structure; slightly
hard, friable, nonsticky, nonplastic; few coarse roots,
plentiful medium roots, few fine roots; slightly acid (pH
6.4); clear wavy boundary.

North Aspect; elevation 2960 m, slope 41%

Typifying Pedon: Very gravelly silt loam, aspen and fixed conifer
forest

01 —  5-4 cm —  Dominantly fir needles, some spruce needles; both
fresh and partially decomposed needle litter; abrupt smooth 
boundary.

02 —  4-0 cm —  Dark-colored decomposed organic matter; abrupt smooth
boundary.

A1 —  0-8 cm —  Dark yellowish brown (10YR 4/4) very gravelly silt
loam, dark brown (10YR 3/3) moist; weak fine granular struc
ture; slightly hard, friable; slightly sticky, nonplastic; 
plentiful coarse and medium roots, few fine roots; strongly 
acid (pH 5.3); clear smooth boundary.

B1 —  8-27 cm —  Yellowish brown (10YR 5/4) very gravelly silt loam,
brown to dark brown (10YR 4/3) moist; massive structure; 
slightly hard, friable, slightly sticky, nonplastic; plen
tiful coarse and medium roots, few fine roots; strongly 
acid (pH 5.1); gradual smooth boundary.

B21 —  27-56 cm —  Strong brown (7.SYR 5/6) very gravelly silt loam,
brown to dark brown (7.5 YR 4/4) moist; weak medium sub- 
angular blocky structure; hard, firm, slightly sticky, non- 
plastic; few coarse roots, plentiful medium roots, and few 
fine roots; medium acid (pH 5.6); gradual smooth boundary.
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B22 —  56-82 cm —  Yellowish red (SYR 5/8) very gravelly sandy loam,
yellowish red (SYR 4/6) moist; weak medium subangular blocky 
structure; hard, firm, slightly sticky, nonplastic; few 
coarse roots, plentiful medium roots, few fine roots; 
medium acid (pH 5.6); gradual smooth boundary.

B3 —  82-98 cm —  Yellowish red (SYR 5/6) very gravelly sandy loam,
reddish brown (SYR 4/4) moist; massive structure; slightly 
hard, friable, nonsticky, nonplastic; few coarse, medium, 
and fine roots; strongly acid (pH 5.5); clear smooth 
boundary.

Cl —  98-120 cm —  Yellowish red (SYR 5/6) very gravelly sandy loam,
reddish brown (SYR 4/4) moist; massive structure; hard, 
firm, nonsticky, nonplastic; few fine roots; strongly acid 
(pH 5.5); gradual wavy boundary.

C2 —  120-140 cm —  Yellowish red (SYR 5/6) very gravelly loamy sand,
reddish brown (SYR 4/4) moist; massive structure; hard, 
firm, nonsticky, nonplastic; strongly acid (pH 5.5).

Northwest Aspect; elevation 2960 m, slope 28%

Typifying Pedon: Gravelly silt loam, mixed conifer and aspen forest

01 —  5-4 cm —  Dominantly spruce needles, some fir needles and aspen
leaves; both fresh and partially decomposed; abrupt smooth 
boundary.

02 —  4-0 cm —  Dark-colored decomposed organic matter; abrupt smooth
boundary.

A1 —  0-6 cm —  Brown to dark brown (10YR 4/3) gravelly silt loam,
very dark grayish brown (10YR 3/2) moist; weak fine granu
lar structure; soft, very friable, slightly sticky, non
plastic; plentiful medium roots, few fine roots; slightly 
acid (pH 6.2); clear smooth boundary.

B21t —  6-24 cm —  Brown (7.SYR 5/4) gravelly silt loam, brown to dark
brown (7.SYR 4/4) moist; massive structure; slightly hard, 
friable, slightly sticky, nonplastic; abundant coarse and 
medium roots, few fine roots; medium acid (pH 5.7); gradual 
smooth boundary.

B22t —  24-42 cm —  Strong brown 7.SYR 5/8) gravelly silt loam, brown
to dark brown (7.SYR 4/4) moist; weak medium subangular 
blocky structure; slightly hard, friable, slightly sticky, 
nonplastic; plentiful coarse and medium roots, few fine roots 
medium acid (pH 5.7); gradual wavy boundary.
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B23t —  42-60 cm —  Strong brown (7.5YR 5/6) gravelly silt loam,
brown to dark brown (7.5YR 4/4) moist; weak medium sub- 
angular blocky structure; slightly hard, friable, slightly 
sticky, nonplastic; plentiful coarse and medium roots; 
medium acid (pH 5.8); gradual wavy boundary.

B3 —  60-92 cm —  Strong brown (7.SYR 5/6) gravelly loam, brown to
dark brown (7.SYR 4/4) moist; massive structure; slightly 
hard, friable, slightly sticky, nonplastic; very few fine 
roots; medium acid (pH 5.9); abrupt wavy boundary.

Cl —  92-130 cm —  Dark grayish brown (10YR 4/2) gravelly sand, very
dark grayish brown (10YR 3/2) moist; massive structure; 
slightly hard, friable, nonsticky, nonplastic; medium acid 
(pH 6.0).

West Aspect; elevation 2960 m, slope 28%

Typifying Pedon: Gravelly silt loam, mixed conifer forest

01 —  1-0 cm —  Spruce needles and twigs both fresh and partially
decomposed; abrupt smooth boundary.

All —  0-12 cm —  Dark brown (10YR 3/3) gravelly silt loam, very dark
grayish brown (10YR 3/2) moist; weak very fine granular 
structure; soft, very friable, slightly sticky, nonplastic; 
plentiful coarse and medium roots, few fine and very fine 
roots; strongly acid (pH 5.5); clear smooth boundary.

A12 —  12-25 cm —  Dark brown (10YR 3/3) gravelly silt loam, very
dark grayish brown (10YR 3/2) moist; massive structure; 
soft, very friable, slightly sticky, nonplastic; few 
coarse roots, plentiful medium roots, few fine and very fine 
roots; slightly acid (pH 6.5); clear smooth boundary.

A3 —  25-33 cm —  Dark yellowish brown (10YR 4/4) gravelly silt loam,
dark brown (10YR 3/3) moist; massive structure; slightly 
hard, friable, slightly sticky, nonplastic; few coarse, 
medium, fine and very fine roots; neutral (pH 6.6); clear 
wavy boundary.

B21 —  33-50 cm —  Brown (7.SYR 5/4) gravelly silt loam, brown to
dark brown (7.SYR 4/4) moist; weak medium subangular 
blocky structure; slightly hard, friable, slightly sticky, 
nonplastic; few coarse, medium, fine and very fine roots; 
slightly acid (pH 6.3); clear wavy boundary.
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B22 —  50-66 cm —  Brown (7.SYR 5/4) very gravelly loam, brown to
dark brown (7.SYR 4/4) moist; weak medium subangular blocky 
structure; slightly hard, friable, slightly sticky, non
plastic; few medium, fine and very fine roots; slightly 
acid (pH 6.1); gradual wavy boundary.

B31 —  66-90 cm —  Strong brown (7.SYR 5/6) very gravelly loam, brown
to dark brown (7.SYR 4/4) moist; massive structure; slightly 
hard, friable, slightly sticky, nonplastic; few fine roots; 
medium acid (pH 5.7); gradual wavy boundary.

B32 —  90-120 cm —  Strong brown (7.SYR 5/8) very gravelly sandy loam,
strong brown (7.SYR 5/6) moist; massive structure; slightly 
hard, friable, slightly sticky, nonplastic; few fine roots; 
strongly acid (pH 5.5); clear smooth boundary.

Cl —  120-135 cm —  Strong brown (7.SYR 5/6) very gravelly sandy loam,
brown (7.SYR 5/4) moist; massive structure; slightly hard, 
friable, nonsticky, nonplastic; medium acid (pH 5.7); 
gradual smooth boundary.

C2 —  135-150 cm —  Reddish brown (SYR 4/4) very gravelly sand, dark
reddish brown (SYR 3/3) moist; massive structure; slightly 
hard, friable, nonsticky, nonplastic; medium acid (pH 
5.8).

West Transition Aspect; elevation 2960 m, slope 30%

Typifying Pedon: Very gravelly silt loam, mixed conifer, forest-
grassland transition

All —  0-8 cm —  Brown to dark brown (10YR 4/3) very gravelly silt
loam, very dark grayish brown (10YR 3/2) moist; weak fine 
granular structure, soft, very friable, slightly sticky, 
nonplastic; plentiful fine and very fine roots; medium 
acid (pH 6.0); clear smooth boundary.

A12 —  8-20 cm —  Brown to dark brown (10YR 4/3) gravelly silt loam,
very dark grayish brown (10YR 3/2) moist; weak fine granular 
structure; soft,very friable, slightly sticky, nonplastic; 
abundant fine roots, plentiful very fine roots; medium acid 
(pH 5.9); gradual smooth boundary.

Cl —  20-40 cm —  Brown to dark brown (7.SYR 4/4) very gravelly silt
loam, dark brown (7.SYR 3/2) moist; massive structure; 
slightly hard, friable, slightly sticky, nonplastic; few 
fine and very fine roots; slightly acid (pH 6.3); gradual 
smooth boundary.
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C3 —  55-67 cm —  Brown (7.5YR 5/4) very gravelly sandy loam, brown
to dark brown (7.SYR 4/4) moist; massive structure; 
slightly hard, friable, nonsticky, nonplastic; few fine 
roots; slightly acid (pH 6.3); clear wavy boundary.

C4 —  67-95 cm —  Reddish brown (SYR 4/4) very gravelly sand, dark
reddish brown (SYR 3/2) moist; massive structure; slightly 
hard, friable, nonsticky, nonplastic; medium acid (pH 6.0).

C2 —  40-55 cm —  Brown to dark brown (7.SYR 4/4) very gravelly silt
loam, dark brown (7.SYR 3/2) moist; massive structure;
slightly hard, friable, slightly sticky, nonplastic; few
fine roots; slightly acid (pH 6.3); gradual smooth boundary.

Southwest Aspect; elevation 2960 m, slope 35%

Typifying Pedon: Very gravelly silt loam, grassland

01 —  1-0 cm —  Discontinuous fresh and partially decomposed grass
layer covering 75 percent of the surface; abrupt smooth 
boundary.

All —  0-7 cm —  Dark brown (10YR 3/3) very gravelly silt loam, very
dark grayish brown (10YR 3/2) moist; weak very fine granular 
structure; soft, very friable, nonsticky, nonplastic; few 
medium roots, plentiful fine roots, abundant very fine roots 
medium acid (pH 5.6); clear smooth boundary.

A12 —  7-25 cm —  Dark brown (10YR 3/3) very gravelly silt loam, very
dark grayish brown (10YR 3/2) moist; weak very fine granular 
•structure; soft, very friable, nonsticky, nonplastic; 
plentiful fine and very fine roots; medium acid (pH 6.0); 
gradual smooth boundary.

A13 —  25-46 cm —  Dark brown (10YR 3/3) very gravelly silt loam, very
dark grayish brown (10YR 3/2) moist; weak very fine granular 
structure; soft, very friable, slightly sticky, nonplastic; 
plentiful fine roots, few very fine roots; slightly acid 
(pH 6.3); clear smooth boundary.

Cl —  46-64 cm —  Brown (7.SYR 5/4) very gravelly silt loam, brown
to dark brown (7.SYR 4/4) moist; massive structure; slightly 
hard, friable, slightly sticky, nonplastic; few fine roots; 
neutral (pH 6.6); clear wavy boundary.

C2 —  64-90 cm —  Yellowish red (SYR 5/6) very gravelly sandy loam,
dark reddish brown (SYR 3/3) moist; massive structure; 
slightly hard, friable, slightly sticky, nonplastic; few 
fine roots; neutral (pH 6.8); gradual wavy boundary.
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Southeast Aspect; elevation 2960 m, slope 35%

Typifying Pedon: Very gravelly silt loam, grassland

01 —  2-0 cm —  Discontinuous fresh and partially decomposed grass
covering less than 50 percent of the surface; abrupt smooth 
boundary.

All —  0-8 cm —  Brown to dark brown (10YR 4/3) very gravelly silt
loam, very dark grayish brown (10YR 3/2) moist; weak fine 
granular structure; soft, very friable, nonsticky, non
plastic; many medium roots, plentiful fine roots; 
medium acid (pH 5.9); clear smooth boundary.

A12 —  8-24 cm —  Brown to dark brown (10YR 4/3) very gravelly silt
loam, very dark grayish brown (10YR 3/2) moist; weak fine 
granular structure; soft, very friable, nonsticky, non
plastic; plentiful fine and very fine roots; slightly acid 
(pH 6.3); gradual smooth boundary.

AC —  24-36 cm —  Brown to dark brown (10YR 4/3) very gravelly silt
loam, dark brown (10YR 3/3) moist; weak fine granular 
structure; slightly hard, friable, nonsticky, nonplastic; 
plentiful fine roots, few very fine roots; neutral (pH 
6.6); clear smooth boundary.

Cl —  36-58 cm —  Brown to dark brown (7.SYR 4/4) very gravelly silt
loam, dark brown (7.SYR 3/2) moist; massive structure; 
slightly hard, friable, nonsticky, nonplastic; few fine 
roots; neutral (pH 6.6); abrupt smooth boundary.

C2 —  58-90 cm —  Strong brown (7.SYR 5/6) very gravelly sand, brown
to dark brown (7.SYR 4/4) moist; massive structure; very 
hard, very firm, nonsticky, nonplastic, strongly cemented; 
neutral (pH 6.8); gradual wavy boundary.

C3 —  90-110 cm —  Dark grayish brown (10YR 4/2) very gravelly sandy
loam, very dark gray (10YR 3/1) moist; massive structure; 
slightly hard, friable, nonsticky, nonplastic; neutral 
(pH 6.8).

East Transition Aspect; elevation 2960 m, slope 40%

Typifying Pedon: Very gravelly silt loam, mixed conifer and aspen
forest-grassland transition.

01 —  1-0 cm —  Dominantly fresh and partially decomposed grass layer
covering most of the surface; some aspen leaves; abrupt 
smooth boundary.
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All

A12

A3 -

B21

B22

Cl -

C2 -

— 0-11 cm —  Dark brown (10YR 3/3) very gravelly silt loam,
very dark grayish brown (10YR 3/2) moist; weak very fine 
granular structure; soft, very friable, slightly sticky, 
nonplastic; abundant fine and very fine roots; medium 
acid (pH 5.7); clear smooth boundary.

—  11-23 cm —  Brown to dark brown (10YR 4/3) gravelly silt loam,
very dark grayish brown (10YR 3/2) moist; weak very fine 
granular structure; soft, very friable, slightly sticky, 
nonplastic; plentiful fine and very fine roots; medium 
acid (pH 5.8); gradual smooth boundary.

• 23-37 cm —  Dark yellowish brown (10YR 4/4) gravelly silt loam,
dark brown (10YR 3/3) moist; massive structure; slightly 
hard, friable', slightly sticky, nonplastic; plentiful fine 
roots, few very fine roots; medium acid (pH 5.9); clear 
smooth boundary.

—  37-52 cm —  Yellowish brown (10YR 5/4) very gravelly silt loam,
dark brown (10YR 3/3) moist; massive structure; slightly 
hard, friable, slightly sticky, nonplastic; few fine and 
very fine roots; medium acid (pH 5.8); gradual smooth 
boundary.

—  52-76 cm —  Yellowish brown (10YR 5/4) very gravelly sandy
loam, dark brown (10YR 3/3) moist; massive structure; 
slightly hard, friable, nonsticky, nonplastic; few fine 
and very fine roots; medium acid (pH 5.7); abrupt smooth 
boundary. .

76-100 cm —  Strong brown (7.SYR 5/6) very gravelly loamy sand, 
brown to dark brown (7.SYR 5/4) moist; massive structure; 
very hard, very firm, nonsticky, nonplastic; strongly 
cemented; few fine roots; medium acid (pH 5.9); clear 
smooth boundary.

100-120 cm —  Strong brown (7.SYR 5/8) very gravelly sandy loam, 
brown to dark brown (7.SYR 5/4) moist; massive structure; 
slightly hard, friable nonsticky, nonplastic; medium acid 
(pH 5.9).
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C3 —  90-100 cm —  Yellowish red (SYR 5/6) very gravelly sandy loam,
reddish brown (SYR 4/4) moist; massive structure; slightly 
hard, friable, nonsticky, nonplastic; neutral (pH 6.7).

South Aspect; elevation 2960 m, slope 37%

Typifying Pedon: Gravelly silt loam, grassland

01

All

A12

A13

Cl

C2

C3

C4

1-0 cm —  Discontinuous fresh and partially decomposed grass 
layer covering 75 percent of the surface; abrupt smooth 
boundary.

0-7 cm —  Dark brown (10YR 3/3) gravelly silt loam, very dark 
grayish brown (10YR 3/2) moist; weak very fine granular 
structure; soft, very friable, nonsticky, nonplastic; 
abundant fine and very fine roots; medium acid (pH 5.9); 
clear smooth boundary.

7-20 cm —  Dark brown (10YR 3/3) very gravelly silt loam, very 
dark grayish brown (10YR 3/2) moist; weak very fine granular 
structure; soft, very friable, nonsticky, nonplastic; 
abundant fine roots, plentiful very fine roots; slightly 
acid (pH 6.3); gradual smooth boundary.

20-34 cm —  Dark yellowish brown (10YR 4/4) very gravelly silt 
loam, dark brown (10YR 3/3) moist; weak very fine granular 
structure; soft, very friable, nonsticky, nonplastic; 
plentiful fine and very fine roots; neutral (pH 6.6); clear 
wavy boundary.

34-54 cm —  Strong brown (7.SYR 5/6) very gravelly silt loam, 
brown to dark brown (7.SYR 4/4) moist; massive structure; 
slightly hard, friable, nonsticky, nonplastic; plentiful 
fine roots, few very fine roots; neutral (pH 6.8); gradual 
smooth boundary.

54-80 cm —  Strong brown (7.SYR 5/6) very gravelly silt loam, 
brown to dark brown (7.SYR 4/4) moist; massive structure; 
slightly hard, friable, nonsticky, nonplastic; few fine 
roots; neutral (pH 7.1); abrupt smooth boundary.

80-95 cm —  Brown (7.SYR 5/4) very gravelly loamy sand, dark 
brown (7.SYR 3/2) moist; massive structure, very hard, very 
firm, nonsticky, nonplastic, slightly cemented; neutral 
(pH 7.2); clear smooth boundary.

95-110 cm —  Dark grayish brown (10YR 4/2) very gravelly loamy 
sand, very dark gray (10YR 3/1) moist; massive structure; 
hard, firm, nonsticky; nonplastic; neutral (pH 6.8).
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Table 6. Biomass Production for the East Aspect

Species
DBH
(In.)

No.trees 
per ac.

Vol. 
per ac. 
(cu.ft.)

DBH 
10-yr. 
Incre

ment (In.)

Future 
DBH . 
(in.)

Future 
vol.per 
acre 
(cu.in.)

Vol. pro
duction 
(cu.ft. 
per ac.)

Vol. pro
duction 
(lb. per 

ac.)

Populus
tremuloldes 6.0 43.2 89 0.2 6.2 96 7.0 164
Picea
pungens 7.0 43.2 155 0.3 7.3 169 14.0 311

11.2 14.6 172 0.7 11.9 195 23.0 501
12.9 11.0 223 0.3 13.2 236 13.0 324
14.0 8.9 244 0.7 14.7 270 26.0 643
14.1 8.9 243 1.0 15.1 279 36.0 896
14.9 8.9 263 0.6 15.5 286 23.0 563
23.2 2.9 267. 0.3 23.5 276 9.0 216
24.0 2.9 293 0.3 24.3 302 9.0 228
25.7 2.9 349 0.3 26.0 359 10.0 256

\/ 26.3 2.6 294 0.3 26.6 302 8.0 198

4300

00



Table 7. Biomass Production for the Northeast Aspect

Species
DBH
(in.)

No.trees 
per ac.

Vol. 
per ac. 
(cu.ft.)

DBH 
10-yr. 
incre

ment (in.)

Future
DBH
(in.)

Future 
vol.per 

acre 
(cu.in.)

Vol. pro
duction 
(cu.ft. 
per ac.)

Vol. pro
duction 
(lb. per 

ac.)

Picea
pungens 5.1 69.3 108 0.3 5.4 123 15.0 333
Populus
tremuloides 4.8 69.3 114 0.3 5.1 130 16.0 398

4.9 69.3 96 0.3 5.2 110 14.0 346
5.0 69.3 119 0.3 5.3 135 16.0 398
5.3 69.3 129 0.3 5.6 145 16.0 398
5.7 69.3 139 0.2 5.9 153 14.0 346
6.2 37.3 102 0.3 6.5 114 12.0 299
6.5 37.3 101 0.3 6.8 111 10.0 261
6.8 37.3 127 0.2 7.0 136 9.0 233
7.1 37.3 134 0.3 7.4 146 12.0 308
7.5 37.3 154 0.2 7.7 166 12.0 289
7.8 37.3 182 0.3 8.1 199 16.0 411
8.0 24.5 133 0.2 8.2 . 140 7.0 184
8.1 24.5 127 0.3 8.4 139 12.0 313
8.6 24.5 170 0.3 8.9 183 13.0 318
9.0 24.5 182 0.3 9.3 195 13.0 318N / 9.5 24.5 188 0.2 9.7 198 10.0 245

5398
Lathyrus graminifolia 400

5798
00Ui



Table 8. Biomass Production for the North Aspect

Species
DBH
(in.)

No.trees 
per ac.

Vol. 
per ac. 
(cu.ft.)

DBH 
10-yr. 
incre

ment (in.)

Future
DBH
(in.)

Future 
vol.per 

acre 
(cu.in.)

Vol. pro
duction 
(cu.ft 
per ac.)

Vol. pro
duction 
(lb. per 

ac.)

Picea pungens 3.2 192.3 113 0.1 3.3 128 15.0 336
Abies concolor 4.0 76.3 86 0.4 4.4 106 20.0 508
Abies concolor 5.2 76.3 165 0.5 5.7 198 33.0 859
Picea pungens 5.4 76.3 158 0.3 5.7 177 19.0 417
Populus
tremuloides 6.0 38.0 125 0.3 6.3 139 14.0 342
Abies concolor 6.7 38.0 125 0.4 7.1 142 17.0 438
Populus
tremuloides 7.1 38.0 176 0.3 7.4 192 16.0 399
Populus
tremuloides 7.3 38.0 200 0.3 7.6 217 17.0 428
Abies concolor 7.5 38.0 162 0.4 7.9 181 19.0 487
Populus
tremuloides 8.0 24.2 167 0.3 8.3 180 13.0 333
Populus
tremuloides 8.4 24.2 184 0.3 8.7 199 15.0 381
Populus
tremuloides 8.5 24.2 181 0.2 8.7 193 12.0 309
Abies concolor 9.0 24.2 158 0.4 9.4 173 15.0 397
Populus
tremuloides 9.5 24.2 231 0.3 9.8 246 15.0 381
Populus
tremuloides 10.0 18.3 189 0.3 10.3 201 12.0 302

6317



Table 9. Biomass Production for the Northwest Aspect

DBH Future Vol. pro Vol. pro
Vol. 10-yr. Future vol.per duction duction

DBH No. trees per ac. inere- DBH acre (cu.ft. (lb. per
Species (in.) per ac. (cu.ft.) ment(in.) (in.) (cu.in.) per ac.) ac.)

Populus
tremuloides 7.5 30.9 171 0.2 7.7 181 10.0 255

7.9 30.9 186 0.2 8.1 196 10.0 255
8.0 26.9 158 0.2 8.2 168 10.0 249
8.1 26.9 162 0.1 8.2 170 8.0 195
8.4 26.9 170 0.2 8.6 180 10.0 249

\ /
8.5 26.9 201 0.2 8.7 212 11.0 262

13.0 10.2 190 0.2 13.2 196 6.0 158
Abies
concolor 13.8 10.2 165 0.1 13.9 168 3.0 76
Picea
pungens
Abies

14.5 8.7 214 0.1 14.6 218 4.0 82

concolor 16.5 6.7 231 0.3 16.8 240 9.0 227
Abies
concolor
Picea

20.1 4.4 261 0.5 20.6 276 15.0 379

pungens 20.4 4.4 278 0.8 21.2 300 22.0 491
Abies
concolor 27.2 2.4 286 0.2 27.4 290 4.0 109

6317
00



Table 10. Biomass Production for the West Aspect

Species
DBH
(in.)

No.trees 
per ac.

Vol. 
per ac. 
(cu.ft.)

DBH 
10-yr. 
incre

ment (in. )

Future
DBH
(In.)

Future 
vol.per 

acre 
(cu.in.)

Vol. pro
duction 
(cu.ft 
per ac.)

Vol. pro
duction 
(lb. per 

ac.)

Picea
Pungens 8.2 27.2 134 0.2 8.4 141 7.0 161

10.3 15.0 143 0.4 10.7 155 12.0 270
11.7 15.0 185 0.7 12.4 209 24.0 527
12.6 10.2 138 0.7 13.3 155 17.0 367
13.0 10.2 194 0.7 13.7 217 23.0 504

.6 10.2 195 1.0 14.6 227 32.0 694
13.7 10.2 242 0.8 14.5 273 31.0 683
13.9 10.2 236 1.0 14.9 273 37.0 817
14.0 8.1 264 1.0 15.0 305 41.0 905
15.4 8.1 288 0.4 15.8 304 16.0 360
15.5 8.1 310 0.5 16.0 330 20.0 430
16.0 6.6 293 0.2 16.2 301 8.0 179
16.4 6.6 308 0.3 16.7 320 12.0 256
17.3 6.6 324 0.3 17.6 338 14.0 313
19.0 5.0 302 0.4 19.4 316 14.0 309
20.0 1.3 266 0.8 20.8 288 22.0 486
21.3 1.3 293 0.3 21.6 303 10.0 227

\/ 21.8 1.3 288 0.2 22.0 294 6.0 127
23.7 3.2 319 0.3 24.0 329 10.0 221

7836

00
00
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Table 11. Biomass Production for the West Transition Aspect"*"

Species Percent Composition 
by Species

Festuca ovina 22
Muhlenbergia montana 19
Erigeron oreophilus 15
Festuca arizonica 14

Lathyrus graminifolius 8
Koeleria cristata 4
Sporobolus cryptandrus 5
Sitanion hystrix 3
Pseudocymopterus montanus 2
Senecio cynthiodes 1
Vicia americana 1
Carex oreochrus 1
Antennaria marginata 1
Labiatae spp. 1
Silene spp. 1
Stellaria longifolia 0.5
Bromus anomalus 0.5
Campanula rotundifolia 0.5
Poa fendleriana 0.2
Potentilla hippiana 0.1
Taraxacum laevigatum 0.1
Androsace septentrionalis 0.1

Total Dry Weight All Species Combined 1462 lb.per acre

1. Scientific names taken from Kearney and Peebles (1951).
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Table 12. Biomass Production for the Southwest Aspect

Species Percent Composition 
by Species

Festuca arizonica 44

Lathyrus graminifolius 21

Sitanion Hystrix 17

Poa fendleriana 6

Muhlenbergia montana 2

Koeleria cristata 2

Bromus anomalus 2

Erigeron oreophilus 2

Campanula rotundifolia 1

Carex spp. 1

Vicia americana 1

Pseudocymop terus montanus 0.4

Agastache pallidiflora 0.2

Draba fendleria 0.1

Silene spp. 0.1

Taraxacum laevigatum 0.1

Senecio cynthiodes 0.1

Total Dry Weight All Species Combined 2272 lb. per acre
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Table 13. Biomass Production for the South Aspect

Species Percent Composition 
by Species

Festuca arizonica 65

Lathyrus graminifolius 9

Koeleria cristata 8

Carex oreochrus 6

Agastache pallidiflora 3

Muhlenbergia montana 3

Vicia americana 2

Artemisia dracunculoides 1

Viguiera multiflora 1

Arabis fendleri 0.5

Poa fendleriana 0.7

Descurainia pinnata 0.2

Sitanion hystrix 0.2

Marrabium vulgare 0.2

Bromus anomalus 0.2

Total Dry Weight All Species Combined 2296 lb. per acre
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Table 14. Biomass Production for the Southeast Aspect

Species Percent Composition 
by Species

Muhlenbergia montana 

Artemisia dracunculoides 

Festuca arizonica 

Lathyrus graminifolius 

Sporobolus cryptandrus 

Carex oreochrus 

Potentilla hippiana 

Koeleria cristata 

Poa fendleriana 

Vicia americana 

Carex spp.

Agastache pallidiflora 

Marrubium vulgare 

Campanula rotundifolia 

Arenaria fendleri 

Arabis fendleri 

Senecio cynthiodes 

Draba fendleri

29

19

23

4

5 

5 

5 

3 

3 

1 
1
0.4

0.3

0.3

0.3

0.3

0.3

0.1

Total Dry Weight All Species Combined 1634 lb.per acre
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Table 15. Biomass Production for the East Transition Aspect

Species Percent Composition 
by Species

Festuca arizonica 39
Muhlenbergia montana 24
Lathyrus graminifolius 10
Carex spp. 9
Bromus anomalus 5
Erigeron oreophilus 2
Sitanion hystix 2
Koeleria cristata 2
Populus tremuloides 1
Vicia americana 1
Festucapvina 1
Sporobolus cryptandrus 1
Pseudocymopterus montanus 0.7
Campanula rotundifolia 0.5
Thalictrum fendleri 0.4
Poa fendleriana 0.3
Arabis fendleri 0.3
Castilleja austromontana 0.2
Phacelia spp. 0.2
Aster spp. 0.2
Achillea lanulosa 0.1
Stellaria longifolia 0.1

Total Dry Weight All Species Combined 2392 lb.per acre



APPENDIX C

SOIL ANALYSIS DATA FOR GREENS PEAK
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Table 16.. Particle Size Analysis for the Soil
Pedons in the Forested Aspects

Aspect

Horizon
Depth
(cm) Horizon

Percent 
Gravel 
(>2 mm)

Percent
Sand

(.02-2.0)
mm

Percent
Silt

(.002-.02) 
mm

Percent
Clay
(<.002)
mm

East 0-20 A1 52.08 32.40 59.60 8.00
20-44 B21t 50.70 31.20 54.80 14.00
44-62 B22t 54.07 30.40 57.20 12.40
62-78 B23 64.06 43.20 50.80 6.00
78-110 Cl 68.10 71.20 25.80 3.00

1107130 C2 63.38 48.40 44.60 7.00
130-150 C3 77.16 55.20 37.80 7.00

North- 0-8 A1 53.38 32.40 59.60 8.00
East 8-18 B21t 52.35 31.00 57.00 12.00

18-48 B22 54.51 37.60 52.40 10.00
• 48-64 B23 58.70 47.60 44.40 8.00
64-80 1 B3 66.19 49.60 43.40 7.00
80-95 Cl 63.03 53.20 40.80 6.00
95-105 C2 85.59 71.60 22.40 6.00

105-130 C3 64.49 73.20 . 21.80 5.00

North 0-8 A1 61.96 32.20 55.80 12.00
8-27 B1 55.61 29.20 58.80 12.00

27-56 B21 58.82 28.20 59.80 12.00
56-82 B22 59.38 60.20 32.80 7.00

, 82-98* B3 56.87 67.20 27.80 * 5.00
98-120 Cl 88.96 71.20 24.80 4.00

120-140 C2 65.91 86.20 10.80 3.00

North- 0-6 A1 36.05 33.20 59.80 7.00
West 6-24 B21t 45.82 32.20 55.80 12.00

24-42 B22t 41.03 36.20 52.80 11.00
42-60 B23t 42.10 36.20 53.80 10.00
60-92 B3 43.80 48.20 43.80 8.00
92-130 Cl 49.38 94.20 2.80 3.00

West 0-12 All' 35.59 26.00 63.00 11.00
12-25 A12 44.87 23.60 63.40 13.00
25-33 A3 42.67 27.60 64.40 8.00
33-50 B21 47.85 31.60 57.40 11.00
50-66 B22 61.23 43.20 47.80 9.00
66-90 B31 61.32 44.00 48.80 7.20
90-120 B32 69.30 53.20 40.80 6.00

120-135 Cl 72.15 67.20 28.80 4.00
135-150 C2 79.11 86.80 11.20 2.00
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Table 17. Particle Size Analysis for the Soil Pedons
in the Grassland Aspects

Aspect

Horizon
Depth
(cm) Horizon

Percent
Gravel
(>2mm)

Percent
Sand

(.02-2.0)
mm

Percent
Silt

(.002-.02) 
mm

Percent
Clay
(<.002)
nnn

West 0-8 All 52.81 27.80 62.20 10.00
Trans- 8-20 A12 34.23 26.40 65.40 8.20
ition 20-40 Cl 52.31 32.00 60.80 7.20

40-55 C2 68.47 32.40 60.80 6.80
55-67 C3 79.13 60.00 35.80 4.20
67-95 C4 78.85 90.40 6.80 2.80

South- 0-7 All 51.81 28.00 69.20 2.80
West 7-25 A12 51.14 26.40 68.80 4.80

25-46 A13 47.18 32.00 62.80 5.20
46-64 Cl 64.63 38.00 54.80 7.20
64-90 C2 74.15 56.00 38.40 5.60
90-100 C3 76.58 64.00 32.80 3.20

South 0-7 All 49.58 42.00 54.80 3.20
7-20 A12 50.08 34.00 61.80 4.20

20-34 A13 52.86 40.60 54.60 4.80
34-54 Cl 58.38 42.20 53.00 4.80
54-80 C2 55.91 44.80 50.80 4.40
80-95 C3 88.30 75.60 23.60 0.80
95-110 C4 83.55 84.60 14.60 0.80

South- • 0—8 All 56.77 .39.60 56.00 4.40
East 8—24 A12 54.03 39.20 56.80 4.00

24-36 AC 55.14 37.60 57.40 5.00
36-58 Cl 66.08 45.60 51.40 3.00
58-90 C2 91.74 88.00 10.40 1.60
90-110 C3 90.84 72.00 25.00 3.00

East 0-11 All 51.70 34.60 59.40 6.00
11-23 A12 44.16 31.60 64.40 4.00
23-37 A3 44.71 30.60 63.40 6.00
37-52 821 53.51 31.60 62.40 6.00
52-76 822 51.89 35.20 59.80 5.00
76-100 Cl 92.21 82.00 16.00 2.00

100-120 C2 92.11 56.20 39.80 4.00
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Table 18. Chemical Analysis for the Soil Pedons
in the Forested Aspects

Percent
Horizon Percent Total
Depth Total Organic C/N

Aspect (cm) Horizon PH Nitrogen Carbon Ratio

East

North-
East

North

North
West

0-20 A1 5.8 0.43 6.0 14
20-44 B21t 5.5 .31 4.3 14
44-62 B22t 5.4 .26 2.9 11
62-78 B23 5.4 .16 1.7 11
78-110 Cl 5.4 .12 1.4 11

110-130 C2 5.3 .09 0.98 11
130-150 C3 5.3 .04 0.30 8

0—8 A1 5.8 .37 5.7 16
8-18 B21t 5.9 .21 2.8 13

18-48 B22 6.3 .12 1.4 11
' 48-64 B23 6.5 .10 1.1 11
64—80 B3 6.5 .07 0.93 13
80-95 Cl 6.4 .07 0.82 11
95-105 C2 6.2 .03 0.28 11

105-130 C3 ' 6.2 .03 0.27 10

0—8 A1 5.3 .34 5.6 17
8-27 B1 5.1 .22 3.0 14

27-56 B21 5.6 .16 1.9 12
56-82 B22 5.6 .07 0.90 12
82-98 B3 5.5 .05 0.65 13
98-120 Cl 5.5 .03 0.45 15
120-140 C2 5.5 .01 0.09 15

0-6 A1 6.2 .58 8.6 15
6-24 B21t 5.7 .22 3.6 16

24-42 B22t 5.7 .12 1.7 14
42-60 B23t 5.8 .11 1.4 13
60-92 B3 5.9 .10 1.2 12
92-130 Cl 6.0 .01 0.07 12

0-12 All 5.5 .37 6.4 17
12-25 A12 6.5 .32 4.2 13
25-33 A3 6.6 .26 3.0 13
33-50 B21 6.3 .16 1.9 12
50-66 B22 6.1 .08 1.0 12
66-90 B31 5.7 .08 0.96 12
90-120 B32 5.5 .05 0.40 9

120-135 Cl 5.7 .01 0.12 10
135-150 C2 5.8 .01 0.05 7

West
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Table 19. Chemical Analysis for the Soil Pedons
in the Grassland Aspects

Aspect

Horizon
Depth
(cm) Horizon pH

Percent
Total

Nitrogen

Percent
Total
Organic
Carbon

C/N
Ratio

West 0-8 All 6.0 0.18 2.0 11
Transi- 8-20 A12 5.9 0.28 3.4 12
tion 20-40 Cl 6.3 0.17 1.7 10

40-55 C2 6.3 0.16 1.6 10
55-67 C3 6.3 0.09 0.98 11
67-95 C4 6.0 0.007 0.09 12

South 0-7 All 5.6 0.81 6.9 9
West 7-25 A12 6.0 0.48 5.0 10

25-46 A13 6.3 0.36 3.7 10
46-64 Cl 6.6 0.20 1.8 9
64-90 C2 6.8 0.03 • 0.23 7
90-100 C3 6.7 0.01 0.04 6

South 0-7 All 5.9 0.51 5.5 11
7-20 A12 6.3 0.33 3.1 9

20-34 A13 6.6 0.26 2.4 9
34-54 Cl 6.8 0.17 1.6 9
54-80 C2 7.1 0.17 1.0 6
80-95 C3 7.2 0.05 0.44 9
95-110 C4 6.8 0.003 0.03 9

South 0—8 All 5.9 0.54 6.0 11
East 8—24 A12 6.3 0.41 3.6 9

24—36 AC 6.6 0.32 3.0 9
36-58 Cl 6.6 0.26 2.4 9
58-90 C2 6.8 0.02 0.24 11
.90-110 C3 6.8 0.05 0.50 10

East 0-11 All 5.7 0.70 8.7 12
Transi 11-23 A12 5.8 0.46 5.2 11
tion 23-37, A3 5.9 0.36 4.0 11

37-52 B21 5.8 0.28 3.3 12
52-76 B22 5.7 0.24 2.6 11
76-100 Cl 5.9 0.02 0.22 11

100-120 C2 5.9 0.05 0.55 11
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Table 20. Chemical Analysis for the Composite Samples 
Taken From 0-5 cm Depth

Aspect Forested Grassland pH

Percent
Total
Nitrogen

Percent
Total

Organic
Carbon

C/N
Ratio

E + 5.8 0.53 7.7 14

NEE + 5.8 0.74 8.4 11

NE + 5.8 0.42 5.2 12

NNE + 5.8 0.33 4.5 14

N + 5.5 0.35 3.8 11

NNW + 5.8 0.21 3.4 17

NW + 5.6 0.28 4.1 15

NWW + 6.1 0.30 4.5 15

W + 5.5 0.40 8.2 21

W-TRANS. + 6.0 0.28 3.1 11

SWW + 5.8 0.50 5.2 10

SW + 5.7 0.55 6.1 11

SSW + 5.8 0.51 5.2 10

S + 5.9 0.40 4.1 10

SSE + 6.0 0.49 4.9 10

SE + 6.0 0.45 7.9 17

SEE
(E-TRANS.)

+ 5.5 0.49 7.1 14
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Table 21. Exchangeable Cations for the Soil Pedons
in the Forested Aspects

Horizon

Aspect
Milliequivalents/100 grams Percent 

Base
(cm) Horizon Ca Mg Na K CEC Saturat:

0-20 A1 15.0 3.03 0.10 2.01 31.6 64
22-44 B21t 8.9 2.75 0.10 1.64 28.7 47
44-62 B22t 4.7 1.33 0.12 1.66 26.7 29
62-78 B23 3.5 1.66 0.14 1.09 26.7 24
78-110 Cl 2.5 1.53 0.23 0.56 24.4 20

110-130 C2 2.0 1.01 0.26 0.36 24.3 15
130-150 C3 1.8 0.79 0.23 0.32 22.0 14

0-8 A1 15.1 3.30 0.19 3.61 36.0 62
8-18 B21t 13.6 2.07 0.13 2.29 34.7 52

18-48 B22 12.6 1.83 0.14 2.12 26.0 64
48-64 B23 11.2 2.34 0.16 1.81 22.9 68
64—80 B3 11.6 2.71 0.17 2.13 23.4 71
80-95 Cl 11.6 2.94 0.19 2.24 21.3 80
95-105 C2 9.4 3.27 0.24 2.01 21.9 68
105-130 C3 9.7 3.21 0.18 1.83 19.7 76

0-8 A1 8.5 2.47 0.17 1.67 30.3. 42
8-27 B1 3.7 1.66 0.18 0.59 26.9 23

27-56 B21 4.7 1.51 0.17 0.42 25.6 27
56-82 B22 2.3 1.75 0.17 0.27 20.9 22
82-98 B3 2.3 1.55 0.27 0.34 21.0 21
98-120 Cl 3.9 2.64 0.25 0.65 21.7 34

120-140 C2 5.7 3.30 0.28 0.81 20.0 51
0—6 A1 18.0 4.79 0.18 2.47 29.3 87
6-24 B21t 9.4 2.78 0.12 1.61 26.3 53

24-42 B22t 5.9 3.08 0.18 0.49 23.3 42
42-60 B23t 5.8 3.02 0.25 0.34 22.7 41
60-92 B3 7.9 2.98 0.39 0.48 22.5 52
92-130 Cl 7.8 4.25 0.35 1.65 15.6 90
0-12 All 17.1 2.74 0.32 1.25 42.4 50
12-25 A12 23.9 1.84 0.25 0.84 34.7 77
25-33 A3 18.8 2.06 0.35 0.51 39.0 56
33-50 B21 12.0 3.08 0.23 0.60 29.3 54
50-66 B22 7.5 2.86 0.33 0.74 25.3 45
66-90 B31 4.1 3.13 0.31 0.94 25.3 34
90-120 B32 3.7 1.68 0.32 0.96 20.7 32

120-135 Cl 5.6 2.82 0.56 0.63 18.0 53
135-150 C2 4.5 2.04 0.52 0.48 18.3 56

East

North-
East

North

North-
West

West
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Table 22. Exchangeable Cations for the Soil Pedons
in the Grassland Aspects

Horizon
Depth Milliequivalents/100 grams Percent

Base
Aspect (cm) Horizon Ca Mg Na K CEC Saturation

West 0—8 All 9.1 2.45 0.24 0.63 27.8 45
Transi- 8-20 A12 9.7 2.38 0.19 1.42 28.6 48
tion 20-40 Cl 9.9 3.23 0.34 0.36 27.7 50

40-55 C2 8.3 3.15 0.50 0.29 26.7 45
55-67 C3 7.8 3.46 0.43 0.28 25.3 47
67-95 C4 6.4 4.89 0.71 0.68 15.6 81

South- 0-7 All 14.8 4.26 0.14 3.72 39.0 59
West 7-25 A12 15.2 3.78 0.14 2.45 39.9 54

25-46 A13 16.5 4.46 0.20 2.16 39.4 59
46-64 Cl 13.5 4.08 0.29 2.05 29.3 68
64-90 C2 11.0 4.33 0.47 1.63 19.3 90

• 90-100 C3 9.9 4.14 0.50 1.48 19.3 83
South 0-7 All 14.9 4.26 0.23 3.04 30.7 73

7-20 A12 14.3 4.53 0.28 2.06 28.7 74
20-34 A13 14.3 4.61 0.45 1.69 29.7 71
34-54 Cl 13.9 5.86 0.57 1.44 28.7 76
54-80 C2 15.2 6.60 0.52 1.30 28.5 83
80-95 C3 14.1 6.70 0.70 2.02 24.7 96
95-110 C4 10.1 4.94 0.49 1.99 20.0 88

South- 0—8 All 15.3 3.68 0.10 2.06 33.3 63
East 8—24 A12 14.7 4.10 0.18 1.55 32.6 63

24-36 AC 15.2 4.81 0.22 1.22 30.0 72
36-58 Cl 13.8 4.68 0.25 1.03 28.7 69
58-90 C2 15.0 6.86 0.57 2.42 28.7 87
90-110 C3 14.5 6.25 0.60 1.20 27.8 81

East 0-11 All 16.2 3.45 0.10 2.21 34.4 64
Transi 11-23 A12 12.2 2.51 0.18 1.24 32.7 49
tion 23-37 A3 11.3 2.04 0.16 0.88 30.7 47

37-52 B21 8.8 2.32 0.16 0.71 29.2 41
52-76 B22 7.2 2.04 0.26 0.47 26.4 38
76-100 Cl 10.9 3.81 0.58 1.16 25.3 65

100-120 C2 9.3 2.92 0.60 0.50 26.8 50
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Table 23. Exchangeable Cations for the Composite
Samples Taken From 0-5 cm Depth

Milliequivalents/100 grams Percent

Aspect Forested Grassland Ca Mg Na K CEC Saturation

E + 21.5 3.79 0.24 1.93 31.9 86

NEE + 18.8 3.78 0.26 2.98 30.7 84

NE + 15.8 3.40 0.56 3.18 29.3 78

NNE + 14.2 3.74 0.13 2.39 25.7 80

N + 10.9 2.51 0.13 1.22 25.6 58

NNW + 15.1 3.14 0.10 1.84 26.9 75

NW + 14.2 3.06 0.17 1.52 28.4 67

NWW + 11.7 3.27 0.16 1.05 29.7 55

W + 18.4 3.09 0.22 1.45 34.3 68

W-Trans. + 11.1 2.93 0.14 1.31 24.7 63

sww + 12.9 3.54 0.25 2.25 28.7 66

sw + 14.8 3.72 0.09 2.46 27.1 78

ssw + 13.8 3.97 0.11 2.36 31.1 65

s + 13.7 3.76 0.13 2.31 29.3 68

SSE + 14.6 3.49 0.11 2.06 31.1 65

SE + 13.2 3.36 0.18 1.75 30.7 60

SEE
(E-Trans.)

+ 12.2 2.56 0.18 0.47 28.4 54
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