
Effect of influx of Eolian materials on soil formation

Item Type text; Dissertation-Reproduction (electronic)

Authors Algharaibeh, Mamoun

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 26/05/2023 09:02:29

Link to Item http://hdl.handle.net/10150/289093

http://hdl.handle.net/10150/289093


INFORMATION TO USERS 

This manuscript has bean reproduced from the microfilm master. UMI films 

the text directly from the original or copy submitted. Thus, some thesis and 

dissertation copies are in typewriter face, while others may be from any type of 

computer printer. 

The quality of this reproduction is dependent upon ttie quality of the 

copy submittsd. Broken or indistinct print, colored or poor quality illustrations 

and photographs, print Ueedttwough, substandard margins, and improper 

alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete manuscript 

and there are missing pages, these will t>e noted. Also, if unauthorized 

copyright material had to be removed, a note will indicate the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, t)eginning at the upper left-hand comer arKl continuing 

from left to right in equal sections with small overiaps. 

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Higher quality 6' x 9" black arxl white 

photographic prints are availat)le for any photographs or illustratkxis appearing 

in this copy for an additional charge. Contact UMI directly to order. 

Bell & Howell Informatnn arxl Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 

800-521-0600 





EFFECT OF INFLUX OF EOLIAN MATERIALS ON SOIL FORMATION 

By 

Mamoun Algharaibeh 

A Dissertation Submitted to the faculty of the 

DEPARTMENT OF SOIL, WATER, AND ENVIRONMENTAL SCIENCES 

In Partial Fulfillment of the Requirements 
for the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

2000 



UMI Number 9965857 

UMÎ  
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ABSTRACT 

The quantity of quartz and its size distribution was determined in soils formed 

from quartz free basaltic tephra on Greens Peak, Apache County, Arizona. The soils 

showed a decrease in quartz content from the east side to the west side of the peak. The 

percentage of averaged weighed quartz content in the upper soil horizons ranged from 

(36.1%-13.9%) on the east side and (19.9%-12.3%) on the west side. The content of 

quartz was higher in the surface soil horizons than in the lower horizons. Large amounts 

of quartz occurred in the sand and silt fraction, whereas no quartz was detected in the clay 

fractions. Quartz is concentrated mostly in the coarse silt (22-53 |im) fraction (50%). 

Quartz particle size distribution in these soils is dominantly in the range of 17-53 

|xm particle count based, and (17-63 iim) mass based. The abundance of silt and very fine 

sand quartz, and the paucity of aerosolic quartz 1-10 ^ in these fractions is indicative of 

dust transported short distances from the local sources. It is suggested that the quartz was 

added as loess sized material of mainly local origin brought into the profiles by eolian 

transport. 
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CHAPTER ONE 

INTRODUCTION 

Greens Peak, located in the East-central part of Arizona in the Springerville 

Volcanic field (Figure 1), is a moderately young (0.76± Ma) cinder cone that lies at the 

summit of the field. It attains an elevation of 3140 m, fi'om which there is a view of most 

of the surrounding region of cinder cones. The north slope is mainly covered by forest, 

composed predominantly of Engelmann spruce (Picea pungens) with some admixing of 

quaking aspen (Populus tremuloides). The south slope is mainly covered by grass-

Arizona fescue {Festuca arizonicd), and the lithology of Greens Peak consists of basaltic 

tephra. Because, basaltic tephra lacks quartz, it presence in appreciable amounts in the 

soils of Greens Peak provides an opportunity to investigate the possible origins of quartz. 

Quartz (SiOz), a crystalline form of silica, is widely used as an index mineral in the 

study of soils, sediments, and rocks. Under the US Soil Taxonomy (Soil Survey Stafl^ 

1999) soils are dififerentiated mineralogically at the family level by the amount of quartz 

and other minerals present in the fine earth fi-action. The quantitative distribution of quartz 

has been used as an index to chemical weathering as well as a tracer for the origin of 

various soils and sediments. Limited data are available to evaluate the effect of possible 

additions of quartz on soil development. 

Traditionally soil is defined as the thin skin of the Earth's crust that has been under 

the influence of certain physical, chemical, and biological processes. These processes woric 

in combination to break down and change the parent material to produce a soil. These 

changes introduce new properties characteristic of the forming soil. 
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Figure 1: Location of Greens Peak 
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Soil properties vary from place to place, but this variation is not random. Natural soil 

bodies are the result of climate and living organisms acting on parent material, with 

topography or local relief exerting a modifying influence and with time required for soil-

forming processes to act. For the most part, soils are similar wherever all elements of the 

five factors are essentially the same. Under similar environments in different places, soils 

are similar. This regularity permits prediction of the location of many different kinds of 

soil. 

When soils are studied in small areas, the effects of topography or local relief 

parent material, and time on soil formation becomes important. In humid regions, for 

example, wet soils and the properties associated with wetness are common in low-lying 

places, and better drained soils form in most instances in higher lying areas. The correct 

conclusion is that topography or relief important. In arid regions, the differences 

associated with relief may be salinity or sodicity, but the conclusion is the same. In a local 

environment, different soils are associated with contrasting parent materials, such as 

residuum from shale or from sandstone, and the correct conclusion is that parent material 

is important. Soils on a flood plain differ from soils on higher and older terraces, of similar 

materials where there is no longer deposition of parent material on the surface. 

Davis (1975) examined the soils on Greens Peak to determine the influence of 

slope aspect on soil development. Davis reported that forest soils have twice as much clay, 

considerably higher moisture contents, lower pH values, lower base saturation, and less 

nitrogen than grassland soils. Difference among soils and biomass production were 

attributed to slope aspect and associated differences in vegetation, microclimate, snow 
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accumulation and wind. He suggested that the differences among the soils and biomass 

production due to the slope aspect and the resultant associated differences in vegetation 

and microclimate are affected by the influence of snow accumulation and solar radiation. 

Moreover, Carter and Ciolkosz (1991) studied the influence of slope aspect on weathering 

and soil development. They found that the slope inclination exerted an influence on soil 

development. Slopes on the most weathered soil had less inclination than that on the least 

weathered soil. 

There are several factors or variables that influence the microclimate of the north 

and the south facing slopes on Greens Peak. The main influencing factor affecting different 

microclimates between slopes is the amount of insolation received. Factors influencing 

reradiation of energy include vegetation and snow cover. Prevailing wind direction can 

also influence the amount of precipitation and evapotranspiration. Previous studies have 

reported higher mean soil temperature for the south facing slopes and higher soil moisture 

percentages for the north facing slopes. Thus, the total insolation received will be greater 

on the south facing aspects than on the north facing aspects. The amount of insolation 

received, however, will also be affected by the reflectance of radiation by soil moisture, 

vegetation, and snow. All of these factors seems to work as positive feedbacks in making 

the north facing slopes cooler and wetter. The prevailing air flow from the Gulf of Mexico 

could possibly cause a greater amount of precipitation to fall on the south ftcing slopes. 

The influence of topography, parent material, and time on the formation of soil is 

observed repeatedly while studying the soils of an area. With the notable exception of the 

contrasting patterns of vegetation in transition zones, local differences in vegetation are 
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closely associated with differences in relief, parent material, or time. The efifects of 

microclimate on vegetation may be reflected in the soil, but such effects are likely 

associated with differences in local relief 

Regional climate and vegetation influence the soil as well as topography or relief 

parent material, and time. Despite local differences, most of the soils in an area typically 

have some properties in common. The low base status of many soils in humid regions or 

those formed from naturally acid rock or sediment, stand in marked contrast to the typical, 

high-base status in arid or calcareous sandstone or limestone regions. To one who has 

studied soils only on old landscapes of humid regions, however, low base status is so 

commonplace that little significance is attached to it. 

Regional patterns of climate, vegetation, and parent material can be used to predict 

the kinds of soil in large areas. The local patterns of topography or relief parent material, 

and time, and their relationships to vegetation and microclimate, can be used to predict the 

kinds of soil in small areas. Soil surveyors leam to use local features, especially 

topography and associated vegetation, as marks of unique combinations of all five factors. 

These features are used to predict boundaries of different kinds of soil and to predict some 

of the properties of the soil within those boundaries. 

The coarse fiactions of the majority of the soils consists mainly of primary minerals 

that have resisted weathering and decomposition. The minerals are assumed to be 

inherited from the parent material and to reflect to some extent the mineral composition of 

that parent material. However, less attention has been paid to the possibility of 

atmospheric additions (eoUan) of materials during the process of soil formation. These 
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materials may have been important in contributing to and in some cases dominating soil 

formation. 

Carrol (1962) showed that examining the mineralogy of the coarse fractions of 

soils is useflil for two nuun purposes; to elucidate the origin of the soil; and to indicate the 

degree of development of soil. The term development is meant as a measure of the degree 

of weathering of the primary minerals present in the coarse fraction of the soil. If parent 

materials from several sources have contributed to soil formation, a condition necessary 

for successful studies of the soil is that the minerals originating from the different parent 

material sources be sufficiently different from each other to be separated and determined 

with ease. 

The presence of significant amounts of quartz in a soil derived from quartz-free 

basalt and basaltic tephra provides an excellent marker to form the basis to evaluate eolian 

contamination or inputs. The term "contamination" is used to converge attention to soils 

in which eolian increments have an effect on development modification of the soil profile. 

Five types of eolian input of particulates that may be important to soil 

development, include: 1) dune sands, 2) loess, 3) aerosolic dust, 4) atmospheric dust, and 

5) extraterrestrial dust. The general objective of this research was to investigate the origins 

of loessial quartz (predominantly in the 20-63 ^m size fiaction) present in the soils on 

Greens Peak. 
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The specific objectives for this study are as follows: 

1. To determine whether quartz originated 6*001 chemical weathering, 

volcanic activity or fi'om eolian input (determine the source of quartz). 

2. To determine the distribution of total quartz in the soil profiles (upper and 

lower horizons) 

3. To determine the particle size distribution (PSD) of the quartz in each horizon 

through the soil profile. 

4. To use quartz particle size distribution to determine the location and the type 

of eolian inputs. 

5. To study the eSect of slope orientation (N-forest and S-grassland) on the 

content and the PSD of the quartz in the soils. 

6. To study the effect of wind direction on the content and the PSD of the quartz 

in the soils. 
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CHAPTER TWO 

LITERATURE REVIEW 

Prerace: 

The addition of eolian materials to soils has long been established, with the classic 

examples being eolian dust transported to the Hawaiian Islands, and the loess-derived soils 

of North America, Europe, and China. Quartz is the most abundant constituent of these 

materials, and as such, is a useful marker mineral (Rich and Kunz, 1964; Prospero et al., 

1981; Smith et al., 1970; Yaalon and ganor, 1973). The variation in quartz content in non-

residual soils and sediments will reflect to a degree the climatic variation since the time of 

parent material or marine sediment deposition. This is best recorded where the rates of 

accumulation are high and the sampling intervals are close. 

Based on the particle size distribution, the presence of quartz from short and long 

distance transported dusts has been identified in different size fractions of transported dust 

(Syers et al., 1969). 

The presence of appreciable amounts of quartz in basaltic soils has been reported 

from many localities around the world. From as far as different places in the US, Australia, 

Hawaii, Italy, and New Zealand (Singer, 1967; Simonett and Bualeke, 1963; Corbet, 

1968; Mokma et al, 1972; Fieldes and Weatherhead, 1966; Jackson et al., 1971, 1972). 

Quartz is thermodynamically stable at earth sur&ce temperatures (Wimhell and Wincell, 

1951). It is regarded as being particulaiy stable and persistent in the sedimentary 

environment (Jackson and Sherman, 1953; Pettijohn, 1941) and it is often used as a stable 

index mineral in studies of weathering in soils (Barshad, 1965). 
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Eolian material of significance to soil development has been classified into five 

types by their pathway of transportation and the atmosphere, persistence in the 

atmosphere, and particle size (Syers et al., 1969). These types are: dune sand, loess, 

aerosolic dust, stratospheric dust, and extraterrestrial dust. Particle size analysis and 

quantitative mineralogical separation for quartz is a sufi5cient criteria for the evaluation of 

soil development and atmospheric additions (Mokma et al., 1972). 

Quartz content and particle size distribution have been established as conomon 

provenance of atmospheric transport in soils fi'om different arid and semi arid localities. 

From the view point of geographical proximity to the windward eolian source, it is highly 

probable that the eolian additions in soils of Greens Peak, Arizona are derived fi'om local 

or nearby sources. 

Quartz is predominantly concentrated in the fine sand to coarse silt (20-250^) 

ranges in contrast, aerosolic quartz sizes are (1-lO^m), with only small amounts occuring 

in the clay fraction (Syers et al, 1969). Scientists have suggested three possible sources for 

quartz found in basaltic soils. 

The first is that quartz was inherited from the parent basalts and or associated 

volcanic rocks (Finner, 1915; Hanks, 19SS; Gill 1964). The second source is authigenic 

formation from the weathering solution at ambient temperatures. The third is an eolian 

origin (NichoUs, 1963; Gill 1964; Jackson 1971) from local areas or long distance 

transport from arid or semi-arid regions. 

Singer (1967) reported that the basalt derived soils in Israel contain 10-50 percent 

quartz in the predominantly silt fraction (20-50^m) and are of eolian origin. Older mature 
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soils contain more quartz and less weatherable minerals (plagioclase) than young less 

weathered soils, indicating a slow continuous accumulation of dust. 

The occurrence and the source of quartz in six basaltic soils from New Zealand 

were studied by Stewart and Neall (1984). Their study showed that quartz occurred in 

three distinctive populations (sizes). The first is a high temperature quartz in the sand 

fraction originating from volcanic ash (rhyolitic tephras) from the central north Islands. 

The second population consisted of loess-sized material of mainly local origin brought into 

the profiles by eolian transport in the 20-62 |im (coarse silt) fraction. The third population 

is an aerosolic dust population, represented by the 2-S ^m (fine silt) fraction, derived 

largely from global circulating tropospheric dusts. Moreover, they studied four soUs 

developed in andesitic tephra form Taranaki, North Island, New Zealand. The grain size 

distribution of the quartz in the soils (2-5 |J.m size fraction ) suggest an eolian origin 

(aerosolic dust). 

Mezota and Takahashi, (1982) studied quartz and mica contents as a function of 

particle size of soils over quartz and mica free basalts in northeastern Kyushu and San-in, 

Japan. They found that the content of both minerals were much higher in the surface 

horizons than the lower horizons. Quartz particle size distribution (predominantly 2-53 

|im) were similar to those in the north central Pacific pelagic sediments and Hawaiian 

soils, indicating that quartz is added as an aerosolic dust and loess carried by circumpolar 

westerly winds from Asian semi-arid and arid regions. 
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Moreover, Mizota (1982) studied the isotopes of potassium-argon and oxygen for 

soils from Kitakami, Japan. His results revealed that quartz found in Ando (soils formed 

primarily from tephras) was not derived form local volcanic materials and does not have 

an authigenic origin. He confirmed that quartz in these soils was transported from Asian 

land masses. 

Tropical Hawaiian islands were observed to contain up to 45 percent quartz in 

soils overlaying quartz-free volcanic rocks, with 70 percent in the 2-10 iim size (Rex et 

al., 1969; Jackson et al., 1971). Quartz content varied with the amount and the source of 

annual rainfall and with the landscape elevation. The oxygen isotopic composition proved 

that it was not from hydrothermal origin, and identified it as eoUan material transported 

from long distance. 

The nature and composition of eolian dust (Behairy et al., 198S) in the coastal area 

north of Jeddah, Saudi Arabia revealed that a considerable variation existed in the average 

fall-out of the dust, a minimum occurred in February while the maximum was in January. 

Moreover, the falling dust was characterized by a kaolinite-rich clay mineral assemblage 

except in April, during which period a montmorillnite-dominant dust was noticed. 

Jackson et al. (1972) indicated that quartz found in old Australian soils was 

predominantly of sand size, and postulated the source as eolian, having been transported 

from adjacent coastal sand ridges. Glacial drift or fluvial contamination, often served to 

explain foreign quartz grains in basalt-derived soils, cannot be implicated in the above 

cases. These samples, from widely separate and different geographic regions, indicate that 

dust accretion is possible in a full range of climatic conditions. 
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Jackson et al. (1971) reported that the major portion of new weathered Terra-Rosa 

material was of eolian origin (Saharan origin). The quartz content decreased with horizon 

depth and was believed to have accumulated under warm conditions and an arid climate. 

Measurements of dust deposition in Israel confirmed that eolian dust is indeed a significant 

contributor to limestone-derived soils, as well as adjacent soils overlaying basalt (Yaalon 

and Ganor ,1973). 

A detailed calculation of eolian accession based on a mineralogical analysis, and 

supported by dust deposition measurements (Marchand, 1970), was made for a lithosol 

formed in dolomite in a sub-alpine, semiarid environment of the White Mountains 

(elevation of3000 to 3600 m) of eastern California. The data indicate that the eolian 

constituents comprise up to 34 percent of the total soil material. Similarly, an eolian 

source was suggested (Solar, 1964) for the Terra Fusca soils of the alpine Rax limestone 

plateau in Austria (elevation of 1800 m). The material is thought to have been blown in 

from the southern alpine areas of crystalline rocks. 

Eolian addition may be enough to substantially change the direction of the process 

of soil formation. The translocation and stabilization of eolian material in the solum may 

form specific pedogenic horizons. One example is the embedding of the fine eolian 

material into stationary sand of the coastal dune sand of the coastal plain of Israel forming 

the reddish brown sandy clay loam Hamra soils. Since the parent material is 

predominantly quartz sand, low in feldspars and other weatherable minerals, the argillic 

horizon in the mature Hamra soils cannot be explained otherwise but by eolian accretion 

and embedding of eolian dust. The amount of the material in the soils increases with the 
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age of the pedomorphic surfaces. Moreover, the average composition of many dust 

samples in Israel showed montmorillonite as the major clay mineral with some kaolinite, 

similar to that in the soils, with quartz and carbonates as the dominant silt fraction 

components. In the Mediterranean climate, leaching is sufi5ciently rapid to dissolve and 

leach out the carbonates, leaving only the non-carbonate fraction as a net addition in the 

soils (Dan and Yaalon, 1966 1968). 

In semiarid regions, carbonates are generally a characteristic component of dusts 

and loess. Although the rate of leaching of carbonates is not sufficient for complete 

removal, their distribution in the profile is often the major process of soil development. 

This is exemplified by the formation of calcic and petrocalcic horizons, and carbonate 

nodules. Though there are many theories on the origin of these calcrete crusts, the concept 

now widely accepted is that in the southwestern United States and Mediterranean 

countries they have originated from slowly addition of calcareous desert dust (Reeves, 

1970; Gardner, 1972). 

A particularly interesting example is the calcic horizons of various New Mexico 

surfaces where the parent material consists of monzonitic gravel, and does not contain 

calcic minerals (Gile, 1967; Gile and Hawley, 1972). Thus all of the calcium carbonates 

must be of eolian origin. The eolian accretion at first results in calcareous coatings on the 

grains, gradully evolving into calcic and petrocalcic horiozns. Radiocarbon dating 

indicates that the process of accumulation took place over a period of at least 20,000 

years. The upper horizons were removed by erosion, leaving only lower calcic horizons as 

an evidence of the eolian accretion. 
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Other examples of significant increments of eolian materials have been 

demonstrated by many researchers fi'om different places of the world. Chester (1971) 

reported that large amounts of calcareous materials in southwestern Australia together 

with airbom soluble salts were blown inland fi'om coastal sands during arid cycles. 

Gaikland and Hole (196S) suggested that calcareous dust was the source of a thin calcite 

crust on the underside of stones in some Wisconsin soils. Other examples of significant 

increments of calcareous eolian materials are Serozem soils of Iran, and probably also 

many of the calcic horizons in North Afiica (Dewan, 1968). 

Long and short distance dust removal and transport have been studied by many 

workers. Delany et al. (1967) reported that dust transported westward by trade winds has 

been collected in Barbados and followed across the Atlantic. The semiarid and subhumid 

region of the near east also receives large quantities of dust fi'om the central Sahara along 

the WSW-ENE trajectories. 

Pitty (1968) reported that trajectories fi'om the western Sahara along the east 

Atlantic bring dust to England and western Europe by cyclonic winds. Fett (1958) 

reported that storm trajectories bring dust to central Europe crossing the Mediterranean 

fi'om Libya to Italy and occasionally across the Alps. 

Likewise, Lung (1969) advocated that short distance transport firom glacial 

streams and long distance transport fi-om dry washes in the High Plains were responsible 

for the origin of North American loess. 

Dune sands are characteristics of desert, periglacial, and coastal regions of the 

world. Loess deposits are abundant in the periglacial areas and coarse silt sized eolian 
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material has been admixed into soil material on a wide variety of other material (Fisk, 

1951). A yet finer eoUan component referred to as aerosolic dust has global distribution. It 

seems highly probable that many soils have received addition of atmospheric dust during 

the quaternary. Such deposition may have occurred over long periods of time. 

Dust can be defined as a suspension of solid particles in a gas, or a deposit of such 

particles. Dust particles transported in suspension in the earth's atmosphere are mostly 

smaller than 100 ^m (Udden, 1897b). Grains larger than 20 ^im settle back to the surface 

very quickly when the turbulence associated with strong wind decreases, but smaller 

particles can remain in suspension for days or even weeks unless washed out by rain. 

Materials which are transported very long distances in the Earth's atmosphere are 

mostly smaller than lOiim (aerosolic dust). On the other hand, continental deposits are 

composed mainly of particles of loess size (10-50 (om) which have not been transported 

great distances. The cumulative grain size fi'equency curves of a number of local and far-

traveled dust samples from different parts of the world are illustrated in (Figure 2). 
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*Figure 2. Cumulative grain size frequency curves of some atmospheric dust 

satnples from different parts of the world : V -Saharan dust deposited in 

eastern England. W- Local Kansas dust. X-Saharan dust collected in 

barbados. Y- Local arizona dust. Z- Mongolian dust deposited in Beijing. 

* from Pewe et al. (1 98 1), Prospero et al. (1970, 1981). 
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Dust in the atmosphere is brought to the ground surface by fallout, rainout, and 

washout. Fallout in the strict sense is used to designate deposition during non-precipitating 

weather and includes the effect of both gravitational settling and impaction. Washout is 

used to designate removal of material from the air by means of capture by falling 

precipitation. Rainout is considered to be removal by association of the particulate matter 

with the precipitation element prior to it is descent, Rainout and washout collectively are 

often referred to as rainout. 

Three types of fallout are recognized (Table 2): local, tropospheric, and 

stratospheric. The local fallout represents a shower of particulate material in the lower 

atmosphere which usually falls to the ground in less than one or two days and travels up to 

a few hundred miles depending on the local wind (Kellog et al., 19S7). The upper 

tropospheric fallout consists of the material which rises to the upper tropospheric 

circulation and is quickly distributed around the world in a narrow latitude band (Miyake 

et al., 1956). 

Libby suggested a mean residence time of a few weeks permitting the debris to 

make one to two trips around the world before it settles out. Rainout is thought to be the 

dominant mechanism in bringing tropospheric fallout to the ground. However, rain 

formation is more frequent in the lower than in the upper troposphere so the residence 

time of particulate material may depend on the frequency of precipitation events. 

Stratospheric fallout results from the descent of debris which has been raised 

above the tropopause into the stratosphere where it is subject to world-wide mixing. The 

suggested mean residence time for stratospheric fallout is from five to 1S days with most 
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recent data (Kellog et al., 1957) favoring the lower figure. Machta (1957) suggested that 

particulate material settles in the stratosphere, moving downward until reaching the 

troposphere where rainout quickly removes the dd>ris. He also indicated that stratospheric 

fallout may not be uniform around the world but may preferentially settle in temperate 

latitudes. 

This information provides a general fi^mework for interpreting the fallout of 

natural dust in the atmosphere and a possible explanation of a transport mechanism which 

can account for the observed quartz distribution in the area of Greens Peak. 

Quartz Background and Chemistry: 

Quartz has attracted attention fi-om the earliest times. Water clear crystals were 

known to the ancient Greeks as Krystallos hence the name crystal, or more commonly 

rock crystal, applied to this variety. The name quartz is an old German word of uncertain 

origin first used by Georgius Agricola in 1530. Quartz is a widely distributed mineral of 

many varieties that consists primarily of silica, or silicon dioxide (Si02)- Quartz shows less 

range in chemical composition than do most other minerals, but it commonly contains tens 

to hundreds of parts per million of aluminum (Al) atoms substituting for silicon (Si) atoms, 

with charge balance maintained by the incorporation of small atoms, such as hydrogen 

(H), lithium (Li), and sodium (Na). Titanium (Ti), magnesium (Mg), or iron (Fe) atoms 

substituting for Si atoms also have been reported. Anionic substitution is limited because 

the linkage of the silica structure would be disrupted (Smyth, 1988). 
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* Table 1. Classification of Eolian Materials 

Type of Materials Dominant 

Particle Size 

(microns) 

Pathway Range Persistence in the 

(km) Atmosphere 

Dune Sand 200-400 

Loess 10-50 

Aerosolic Dust 1-10 

Stratospheric Dust <1 

Extraterrestrial Dust 0.01-40 

At/Near the 0.01-1 High Transitional 

Ground 

Lower 0.1-100 Transition 

Troposphere 

Mid and Upper lO' Days-Weeks 

Troposphere 

Stratosphere 1012 Years 

Inter space 

• Syers et al., 1969 
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Colored varieties of quartz are numerous and have many causes. Most colors 

result from mechanically incorporated admixtures within fine crystallized or granular 

quartz, but some coarse crystallized varieties, such as amethyst (violet), citrine (yellow), 

milky quartz, smoky quartz or morion (black), or rose quartz, may be colored by ions 

other than Si and oxygen (O) that occur within the crystal structure. Small fractions of one 

percent by weight of Fe, Al, manganese (Mn), Ti, H and small alkali atoms, such as Li and 

Na, have been shown to be the cause of dififerent colors. Heat treatment or various 

irradiation treatments under oxidizing or reducing atmospheres are used to change one 

colored variety to another (Buchanan and Relva, 1997). 

Quartz is the second most abundant mineral in the Earth's crust after feldspar. It 

occurs in nearly all igneous, metamorphic, and sedimentary rocks. Because it is both 

chemically and mechanically stable at low temperature, quartz persists in clastic 

sedimentary rocks. It is an essential mineral in such silica rich felsic rocks as granites, 

grandiorites, and rhyolites. It is highly resistant to weathering and tends to concentrate in 

sandstones and other detrital rocks. Secondary quartz serves as a cement in sedimentary 

rocks of this kind, forming overgrowths on detrital grains. Microcrystalline varieties of 

silica known as chert, flint, agate, and jasper consist of a fine network of quartz (Deer, 

1992). 

Quartz exists in two forms (1) alpha or low quartz which is stable up to S73** C 

(1,063° F), and (2) beta or high quartz which is stable above 573° C. The two are closely 

related, vtdth only a snudl movement of theu- constituent atoms during the alpha beta 

transition. The structure of beta quartz is hexagonal, with either a left or right handed 
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symmetry group equally populated in crystals. The structure of alpha quartz is trigonal, 

again with either a right or left handed symmetry group. At the transition temperature the 

tetrahedral frame work of beta quartz twists resulting in the symmetry of alpha quartz. At 

temperatures above 867°C (1,593" F), beta quartz changes into tridymite, but the 

transformation is very slow because bond breaking takes place to form a more open 

structure. At high pressures alpha quartz transforms into coesite and at still higher 

pressures stishovite (Lewis and Volney, 1921; Buchanan and Relva, 1997). 

Quartz has a great economic importance. Many varieties are gem stones, including 

amethyst, citrine, smoky quartz, and rose quartz. Sandstone, an important building stone, 

is composed mainly of quartz. Large amounts of quartz (also known as silica sand) are 

used in the manufacture of glass and ceramics and for foundry molds in metal casting. 

Crushed quartz is used as an abrasive in sand paper, and silica sand is employed in 

sandblasting. Quartz is still used whole to make whetstones, millstones, and grinding 

stones. Silica glass (also called fused glass) is used in optics to transmit ultraviolet light. 

Tubing and various vessels of fused quartz have important laboratory applications, and 

quartz fibers are employed in extremely sensitive weighing devices (Dana and Dewight, 

1977). 

Sources Of Dust: 

Air bom dust particulates can be derived from several different sources. Many 

attempts have been made to quantify each of these sources, but accurate data are generally 

lacking. These sources include: cosmic dust, volcanic dust, industrial emissions, gas to 

particulate conversion, fires, sea salt, and wind deflation of sediments and soils. 
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According to Hidy and Brock, (1971) the estimated annual production of volcanic 

dust range from 4 to 25*10^ t. There are two types of eruptions which generate different 

amounts of dust to the atmosphere. Explosive eruptions tend to generate larger amounts 

of dust than effusive eruptions. When volcanoes erupt they develop a plume of volcanic 

ash which have been observed to extend world wide within 3 weeks or less (Robock and 

Matson, 1933). Industrial Emissions; Industrial dust can be generated from smoke- stacks, 

stock- piles, and waste dumps. Hidy and Brock, (1971), estimated the aimual production 

to be 38-112* 10® t in 1971. Cosmic Dust: Mainly formed by disintegration of meteorites 

entering the earth's atmosphere. The annual inputs of cosmic dust to the Earth's surface is 

small in comparison with the inputs with other sources. Hidy and Brock, (1971) reported 

that the estimated production of cosmic dust was in the order of 0.02-0.2*10' tons. 

Conversions of gas to particulate: Natural and industrial gases produce particles in the 

atmosphere by conversion, the estimated annual production of industrial and natural gases 

were reported to be 284*10® t and 2000*10® t per year (Peterson and Jung, 1978). 

Fires: Mainly smoke particles with annual production of284*10® tons. Sea Salts: 

An important source in coastal and oceanic areas with annual production of 50-1000*10® 

tons. The production of aerosols from the sea salts is limited to the atmosphere of the 

ocean and it declines towards the continental interiors. 

Wind deflation of sediments and Soils: Regions where dust originates coincide 

with the major deserts of the world; these arid and semi-arid regions cover 36% of earth 

land surface (Meigs, 1953). Wmd blown dust falls into two major grain sized groups. Dust 
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that is carried a few kilometers to less than 100 kilometers generally is the common dust 

of dust devils, dust storms, and wide spread loess deposits of the world. These particle are 

mostly between Sjim -50jim (Pewe et al., 1981). The other type is fine grain 

tropospherically sorted dust that moves as an aerosol and remains suspended in the air for 

long distances until brought down by rainfall onto water and land surfaces. The total 

annual dust production is estimated to be 61-366*10® ton (Hidy and Brock, 1971), this 

estimation doesn't take into account short range, low level dust transport. Peterson and 

Jung (1971) estimated that wind blown dust carried from deserts amounts to 500*10* tons 

aimually. 

Dust Transport 

Dust transport involves three processes; mobilization (entrainment), transport 

(dispersion), and deposition. Wind transport is controlled both by the nature of the air 

flow near the ground and by the properties of the ground surface over which the flow 

occurs. 

Five di£ferent forces act on particles at rest on bed and exposed to turbulent flow. The 

forces include drag force (D), lift force (L), moment force (M), weight force (W) and 

inter-particle cohesion. The flow of the air over the particle produces three forces; lift, 

drag and moment force. The weight and the cohesion forces reflect properties of the 

particle on the bed, including density and nature of packing, chemical composition, surface 

charge and moisture content. 

The balance of lift and drag forces must out weigh the combined interior force of 

weight, cohesion, and bed fraction to produce or to start particle movement. Four 
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different mechanisms act alone or in combination to initiate the movement of particles 

resting on a bed. These mechanisms include: (1) the drag exerted by the wind, (2) 

aerodynamic lift, (3) impact by rolling or bouncing particles including hail, rain and 

sediment grains), (4) and disturbance by traffic or pedestrian. However, the manner in 

which particles are ejected from the bed is not yet fully understood. 

Particle Mobilization: Wind passing over a stable bed is retarded at it's base by friction 

and is characterized by turbulent eddies which move in all directions and at variable 

velocities. There is a very thin layer at the base at which the velocity is zero. The thickness 

of the layer depends on the roughness of the bed and referred as roughness height zo. It is 

of the order of 1/30 of the particle diameter on a granular bed. In case or surfaces covered 

by tall or dense vegetation, the plane of zero velocity may be displaced upward to some 

height determined by the height, density, flexibility and permeability of the roughness 

elements. 

This is referred to as zero plane displacement height (d). Above the height of zero velocity 

the time averaged forward velocity (U) of the wind in a neutral atmosphere turbulent 

boundary layer increases approximately logarithmically with height. The slope of the 

logarithmic profile is defined by the Prandt-Von Karman equation (equation 1). 

7~rT (Equation 1) log (r/ro) 
n 

Where: 

K= The Von Karman constant which varies with temperature gradient but it is 

usually taken to be 0.4. 
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U= The wind velocity measured at height z above the ground. 

zo= The height at which the velocity is zero. 

u*= The drag velocity. 

The drag velocity is related to the drag (shear stress) exerted on the wind by 

friction at the surface T, and to the density of the air (p,). Both u* and x increase as the 

wind velocity increase. At some critical point, grains on the bed starts to move. This point 

referred to by Bagnold (1941) as the fluid threshold. It can be defined in the following 

way: 

wv= The fluid threshold velocity 

Pp= The relative density of the grains (2.65 g cm"' for quartz) 

p,= The relative density of the air (1.22*10*^ g cm"') 

g= Acceleration due to gravity. 

D= Mean grain diameter (cm). 

A= is an empirical coefficient (equal to 0.1 for Reynolds numbers greater than 3.5) 

The relationship between the fluid threshold velocity and mean grain diameter 

established by Bagnold (1941) attains a minimum value when the mean grain size is 

approximately 80 ^m. Bagnold (1941) suggested that with finer average particle sizes, the 

surface becomes aerodynamically smooth, and the air drag instead of being carried by a 

(Equation 2) 

Where 
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few more exposed grains, it is distributed more or less evenly across the whole sur&ce. 

Consequently, a relative greater drag is required to set the first grains in motion. 

Dispersion of dust deflated from the earth surface: Once dislodged fi'om the bed, a 

particle may move by sliding, rolling, bouncing (saltation) or in suspension. Sliding and 

rolling together are known as surface creep. The mode in which a particle is transported is 

dependent on its physical characteristics and on the velocity and turbulent structure of the 

wind. Wind erosion of soils and sediment which contain a wide range of grain sizes give 

rise to all modes of particle transport. 

When a grain is dislodged it can either return to the surface almost immediately or 

remain in suspension. If the particle settling velocity exceeds the vertical velocity 

component of the wind, the particle will return to the surface a short distance downwind 

of the ejection point. 

The settling velocity of a particle depends on its mass and shape. Relative densities 

of a number of dififerent minerals commonly found in atmospheric dust are give in (Table 

2). The more spherical the particle, the higher is its settling velocity for any given mass. 

The settling velocities of quartz spheres in the size range 1-SOm can be calculated 

approximately according to Stokes law as a function of the square of the grain diameter 

(Green and Lane, 1964). 

Uf = K.D^ (Equation 3) 

Where: 

Uf= Settling velocity (cm/s) 

D= Grain diameter (cm) 
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K=ppg/18// (Equation 4) 

Where: 

Pp= Particle density 

g = Acceleration due to gravity. 

H = The dynamic viscosity of the air 

(K is taken to be 8.1 * 10^ cm'^s'' for air at 1 S°C at sea level and for quartz spheres 

The lower the rate of settling and the turbulence exchange, the wider is the dispersion of 

the particle. It can be shown that the maximum the distance and time traveled by a dust 

particle is directly proportional to the mean wind velocity U and inversely proportional to 

the fourth power of the particle diameter D; 

where: 

L= distance traveled by suspended dust particle 

U= the mean wind velocity 

8= the coefficient of turbulent exchange 

Based on the above equation (Equation S), Figure 3 shows how far different sized dust 

particles will be dispersed with an assumed U=15 ms*' and values of e ranging from 10* to 

During moderate wind storms grains larger than 20 ^m are unlikely to travel more than 

(Equation 5) 

10® cm^ s"*. 
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about 30 km from the source, while finer particles could travel thousands of kilometers. 

Particles of sizes 10-20 ^ could be dispersed over a distance of approximately 500 km 
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* Table 2. Relative densities of commonly found minerals in the atmospheric dust 

Mineral Relative Density (g/cm'^ 

Quartz 2.65 

Albite 2.62 

HaUte 2.16 

niite 2.64-2.69 

Kaolinite 2.60-2.63 

Vermiculite 2.3 

Chlorite 2.66-3.3 

•Frye 1981. 
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when e = 10^ cm^ s'*. Under extreme wind conditions, when e = 10* cm^ s*', 20-30 |im 

grains could be transported up to 300 Km. 

Dust Deposition: Particle deposition occurs in one of four ways: (1) as a result of 

reduction in wind velocity and turbulence, (2) capturing of particles in a moist or 

electrically charged surface, (3) particles become charged and form aggregates which then 

settle back to the ground, (4) particle washout by precipitation (Owen, 1960). 

Coarse and medium silt grains traveling at relatively low levels in the atmosphere either 

settle back to the surface or are trapped by obstacles transverse to the flow. Part of the 

fine silt or clay, on the other hand, which travel at higher levels, is less affected by the 

surface roughness and may remain suspended for very long periods. Such particles are 

deposited only if aggregation occurs or if they are washed out by rain or other 

precipitation. Two mechanisms of washout have been identified. In the first one, particles 

are collected by rain, hail or snow falling through a cloud material, while the second 

involves capture of very small particles by cloud droplets and the subsequent deposition 

of these droplets as rain (Smith et al., 1970). 
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*Figure 3. The maximum distances likely to be traveled by different size classes of 

quartz spheres when U=l5 m s-1 and e varies from 103 
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. Sedimentology 34 

* Tsoar and Pye (1987) 
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Factors Of Soil Formation 

Factors of soil formation are the agents or the conditions that determine the rate, 

direction, and the extent of soil formation. Five general soil forming factors are 

recognized; (1) parent material, (2) climate, (3) living matter or bioactivity, (4) 

topography, and (5) time (Jenny, 1941) which ideally function dependently and 

interdependently in soil formation. Independent influence are manifest in soil properties 

that correlate directly with a given factor. For example the way in which the texture and 

the mineralogy of soil relates to the texture and the mineralogy of the parent material from 

which it forms. 

Interdependence among the factors is seen in the way one factor modifies the 

influence of others in soil development. Thus, even though a given factor contributes in its 

own way to soil formation, the ultimate effect it has in soil properties will vary depending 

on its relationship to other factors in the soil-forming environment. 

The nature of soil formation has been described by many scientists. In the 1870's 

Dokuchaive in Russia and Hilgard in the United States were first to describe soils as 

independent natural bodies with horizons determined by soil forming factors. Depending 

upon the environmental conditions of climate and vegetation, a given parent material may 

form different soils (Buol, 1973 ; Simonson, 1968). 

Jenny (1941) attempted to show how soil properties vary quantitatively with soU 

forming factors. He considered the soil system to be defined quantitatively by five soil 

forming factors. Jenny's approach is to show genetic or geographical relationships among 

soil using a fiindamental equation of state. 
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S = / (cl, o. r, p, t) 

where s denotes the soil or any soil property, f indicates a functional relationship, cl is 

climate, o is bioactivity (organisms), r is topography or relief p is the soil parent material, 

and t is the time factor. S is dependent variable. This equation is hard to solve when all 

factors are allowed to vary. The approach described by Jenny (1941) attempted to 

overcome the dilemma of solving the equation by solving an equation for one factor at the 

time. To do this, one factor is allowed to vary while the others are held constant. Jenny 

(19S8) devised a model and imaginary experiments to permit the analysis of the five state 

factor functions, namely, bio-, litho-, topo-, climo-, and chronofunctions. He used the 

plant kingdom as both dependent and independent variables as well as a constant. 

Jenny (1980) expanded his fundamental equation to l,v,a, s, = f (cl, o, r, p, t...), 

where the total ecosystem properties 1, vegetation properties v, animal properties a, and 

soil properties become functions of the state factors. The dots after the time factor (t) 

represent unspecified factors that might be important locally. 

Any process that takes place in soil space is considered a pedogenic process 

(Jenny, 1980). Soil genesis integrates gains, losses, and transformations of energy and 

matter; hence it embraces the build-up as well as the break-down of the soil body. 

Many scientists tried to reduce the state factors in Jenny's (1941) equation. Runge (1973) 

reduced the five factors to three; leaching, organic matter production, and time. 

Yaalon (1968) emphasized the need for future computerized simulation models which can 

be compared with the real world. He stated that relief and climatic conditions have been 

the most important factors to quantitatively solve Jenny's equation. 
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Because of the importance of soil forming factors and their role in pedogenesis and soil 

development they will be discussed briefly. 

Climate as a soil forming factor 

The most important factor to determine soil properties is the climate. Climate 

includes the type and amount of precipitation, temperature, humidity, evapo-transpiration, 

duration of sunshine and a number of other variables. Precipitation and temperature are 

the most important parameters that influence soil formation. The soil moisture regime is 

mainly affected by precipitation. Much of the precipitation is lost through soil runofifand 

soil and plant evaporation. 

Leaching of salts is influenced by the amount of water percolating through the soil. 

In low precipitation areas, not enough water is present to remove the salts from the soil 

profile. Thus these soils have high amounts of salts and carbonates, and generally are 

neutral to alkaline in reaction (pH). On the other hand, high precipitation areas(e.g. higher 

elevations) receive more precipitation. Thus, more water removes the salts from soil 

profile. Soils in these areas generally are leached of soluble salts, lack carbonates and are 

more acid. 

Moisture is involved in most of the physical, chemical, and biochemical processes 

that go on in the soil. The amount of moisture delivered to the soil surface influences the 

weathering and leaching condition in soil. 

Soil moisture is also influenced by temperature, the higher the temperature the 

greater the loss through evaporation. Soil moisture and leaching rates are influenced by 

the amount of precipitation and temperature. Moreover, biological activities are influenced 



46 

by temperature, since greater vegetation occurs in soils with higher temperature. This is 

valid when sufficient moisture is present to establish good vegetative cover. 

Soil organic matter (nitrogen content) increase logarithmically with increasing 

moisture and decreases exponentially with rising temperature (Jenny, 1941). Climate 

affects the clay content in soils. Jenny found a linear relationship with moisture and 

exponential relationship with temperature. Moreover, clay minerals formed in soils vary 

with the water chemistry and the rate of leaching, and thus, the climate. Clay content 

correlates with precipitation and leaching index, soil leaching increases with increasing 

precipitation, and therefore more silica and mobile elements are lost from the soil during 

weathering. 

In summary, all of the various components of climate play some role in the 

formation of soil. Precipitation, by affecting the amount of water that inters the soil, 

influences the chemical and physical processes involved in mineral weathering, eluviation, 

and ion movement. Temperature, a second important climatic component, is a measure of 

the heat available for all physical, chemical, and biological reactions involved in soil 

development. Where water is not limiting, the rate of the mineral weathering increases 

with the temperature and attains a maximum in tropical regions (Jenny, 1941). 

Bioactivity (Organism) factor 

The biotic factor in soil pedogenesis is difficult to asses because of the dependence 

of both vegetation and soil on climate and the interaction of soil and vegetation. Jenny 

represents the interrelationship of these three factors as follows 
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Climate 
\ 

Vegetation SoU 

Of major interest is the influence of vegetation in soil. Vegetation is the most important 

factor producing differences in soil properties The amount and depth of organic matter is 

related to the type of vegetation on the soil. Forest soils tend to have organic matter 

concentrated in the near surface because organic matter is added as leaf liter. Grass 

vegetation, on the other hand, generally contribute aimually much more organic matter to 

the soil and to greater depths below the surface. Within a constant regional climate, tree 

species will vary from site to site, and thus soil properties may vary from site to site. Zinke 

(1962) found that soils properties changed markedly with distance from the trees. Organic 

matter, exchangeable cations, and cation exchange capacity (CEC) increased towards the 

trees, while soil pH decreased. 

The distribution patterns of soil organic content and pH with tree species were 

studied by Barth and Klemmedson (1978, 1982). They found that these patterns differed 

markedly in the surface soils, on the other hand, no differences were found at greater 

depths. 

Topography or Relief 

Topography affeas soil formation primarily by modifying climatic influences. 

Relief influences the effectiveness of precipitation and the extent to which erosion removes 

the forming soil. Solar radiation varies with topography, the direction and degree of slope 

determines how effectively the sun's rays warm the soil. By affecting soil temperature and 
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evaporation, topography alters the effectiveness of precipitation even after it has entered 

the soil. 

Thus, the distribution of soils is controlled by topography or relief Soil properties 

vary laterally with topography because of two reasons . The first one is the orientation of 

the hill slope on which soils form, this affects the microclimate and the soil. The second 

one is the steepness of the slope, this aff^s the rate of erosion and water runoff. 

The rate of soil forming factors is affected by microclimatic conditions. Slope plays 

a major role in the distribution of soil organic matter and other factors. Changes in soil 

organic content is largely attributed to changes in temperature, moisture content, and 

aeration of soil as well as soil reaction-pH (Chuyan, 1988). 

The influence of slope aspect on weathering and soil formation has been studied by 

many scientists (Cooper, 1960; Finney et al. 0960), 1962, Klenunedson, 1964; Daniels et 

al., 1987(1); Carter and Ciolkosz, 1991). Cooper found that north facing slopes had 

higher light intensities, maximum air temperature, evaporation rates, and higher soil 

temperatures than north facing slopes, while the north facing slopes had low minimum air 

temperatures and higher soil moisture values. Cooper (1960) found that the soil solum 

was shallowest on the top of the south facing slope and deepest at the base of the north 

facing slope. Finney et al.(1962) studied the microclimate for four soils in northwest-

southeast oriented valleys in southeast Ohio. He found that soil on the southwest facing 

slopes had appreciably thiimer Al horizons and more strongly developed E and B horizons 

than soils in opposing northeast facing slopes. 
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Soils form differently on sun-facing slope than they do on shady slopes. Many hills 

and low mountains in the intermediate to higher elevations in Arizona have distinctly 

dififerent soil and vegetation cover on the north and the south facing slope. South &cing 

slopes commonly are covered with grass, the north facing slopes with woodland and 

forests. Greens Pealc, has an Enghnan spruce forest with admixture of quaking aspen on 

the north facing slope and a grassland on the south facing slope. Hendricks and Davis 

(1979) reported that forests soils are more acid, higher in clay and free iron oxide content, 

and have a lower nitrogen content than grassland soils. Although slopes that face the wind 

receive more precipitation than those that do not, the wind also has a drying effect and can 

carry fallen snow off" the slope. 

Fanzemier et al (1969). studied the influence of slope aspect and slope position on 

study areas in Kentucky and Termessee. Of the 12 profiles excavated, they found argillic 

horizons on five of six south facing slopes and weakly developed cambic horizons on four 

of six north facing slopes. Soils in the north facing slope had lower temperatures, higher 

moisture contents, and higher organic matter levels. Higher base saturation was found in 

the lower slope soils. 

Macyk et al. (1978) compared the development of soils in the north and south 

facing slope. They found that soils in the north facing slope had higher clay content than 

the soils on the south facing slope. They attributed that to higher moisture content and 

increased leaching in the north slopes. 

Several studies (Cooper, 1960; Fiimey et al., 1962; Fanzemier et al., 1969; and 

Losche et al., 1970) found more advanced stages of soil development on south feeing 
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slopes. They associated that to increased weathering resulting from warmer temperatures, 

increased freeze thaw cycles and increased wetting and drying cycles. On the other hand, 

when studies found thicker solums and more leaching on wetter north &cing slopes 

(Macyk et al., 1978; Daniels et al., 1987, and Carter et al., 1991), results were correlated 

with increased leaching and illuviation on these slopes. 

Davis (1976), studied differences in soil development for ten pedons from the 

Greens Peak cinder cone. Pedons were located along the 2960 m contour, five on the 

forested north facing slope and five on the grass covered south facing slope. Davis (1970) 

reported that the forest soils had twice as much as clay, considerably higher moisture 

contents, lower base saturation, and less nitrogen than the grassland soils. Differences 

among soils and biomass production were attributed to the slope aspect associated with 

differences in vegetation, microclimate, snow accumulation, and wind. Northwest and 

west pedons had the smallest gravel content. The author attributed that to more intense 

weathering in this slope side. On the north aspect Davis found cemented coarse cinders 

which led him to speculate that this was the least weathered profile. Southeast and east 

profiles had also cemented C horizons which Davis attributed to less weathering than on 

other aspects. 

The main problem with Davis analysis was that he attributed the differences in the 

soil profile specifically to slope aspect and did not take into account the possible influence 

of other factors, particularly inclination. The northwest and west profiles had slope of 26% 

and 28% respectively, while the east and the north slopes were 45% and 41% respectively. 
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The main influencing factor for these soil profiles could well be slope inclination, rather 

than the factors mentioned above. 

Parent Material 

Parent material is the initial state of the soil system (Jenny 1941). Soil fbnnation 

starts with and results fi'om changes in the parent material. The nature of these changes is 

strongly influenced by the parent material. The texture and the mineralogy is a determinant 

of various physical and chemical attributes of the soil forming environment, for example 

texture is important to water flow and storage. These factors influence plant growth and 

organic matter accumulation, weathering, leaching and eluviation, all of which are capable 

of initiating horizon formation in soils. 

The mineralogy of the parent material is a prime determinant of both rate and 

products of weathering. For example highly calcareous (lime-bearing) parent materials 

often weather rapidly, and lime is lost by leaching. Siliceous parent materials weather more 

slowly, with products of weathering accumulating as the soil material at the weathering 

site, quartz persists as sand, whereas other more weatherable silicates tend to convert to 

clay. Thus, the texture of the weathered soil (coarse or fine) depends largely on the ratio 

of quartz to other silicates in the original parent material. 

The parent material influences many soil properties to varying degrees, and exerts 

the greatest effect in arid regions and during the early stages of soil development. In 

wetter regions other factors may diminish the influence of the parent material (Dan et al., 

1981). 
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Soil development depends on the susceptibility of the parent material to weathering. Soil 

constituents such as sand and silt particles may be inherited directly from the parent 

material with little change. Parent material, whether mineral or roclc, exerts some control 

on the clay mineral that forms because weathering releases constituents essential to the 

formation of various clays. As a generalization, the parent mineral will either greatly or 

gradually influence the mineralogy of the weathering byproduct in soil depending on the 

leaching environment (Dunahue et. Al., 1980). 

Resistance of minerals to weathering depends on the weathering environment and 

the mineral itself. The degree of chemical and physical weathering depends primarily on 

mineral structure. Increased sharing of oxygen between adjacent silica tetrahedra 

correlates with increased weathering (McBride 1994). Other factors, such as, substitution 

of aluminum for silica in the tetrahedral position causes a decrease in the total bonding 

energies, weaker bonding and decreased resistance to weathering (Lounghman, 1969). 

The texture of the parent material has a great influence on the course of soil formation. 

Texture influences the rate and the depth of leaching, and is related to many soil 

properties. The depth of leaching is governed by the texture, being greater in gravel, less 

in non gravelly sand, and least in finer textured material. Clay can readily form in the finer-

textured materials but less rapidly in the sandy material. Weathering increases with greater 

specific surface area due to the greater access of weathering solutions. Increased surface 

area promotes retention of clay forming constituents, on the other hand, materials released 

fi'om weathering of more gravelly materials may be leached from the soil before th^r have 

the opportunity to react to form clays (Harden, 1982; Goldich, 1938; Barshad, 1958). 
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The influence of parent material may or may not be obvious. Coarse grained parent 

material often produce coarse textured soils. Coarse grained parent material that weather 

easily to form clay, tend to produce fine textured soils. Thus, coarse grained granitic 

composed mostly of minerals not susceptible to chemical weathering generally produce 

coarse textured soils high in sand. Basaltic rocks that contain mostly minerals susceptible 

to chemical weathering yield fine textured soils high in clay. Soils formed in granitic rocks 

also generally are deeper than soils formed fi-om basalt because granitic parent materials 

are more susceptible to physical weathering than basaltic parent materials (Hendricks 

1985). 

Time and soil fomiation 

The four soil-forming factors described previously determine the nature of the 

environment for soil development. In combination, they dedicate both the kinds and the 

rate of change in the parent material. Time, the fifth factor, determines the total potential 

for change under an imposed set of environmental conditions. The affect of time is judged 

by the extent to which parent material has been altered during the coarse of soil formation. 

Since the change depends on both the kinds of reactions involved and the rate at which 

they take place, the time factor must be evaluated on a relative rather than absolute basis. 

Some processes modify the character of the parent material in shorter times than others. 

For example, ion exchange and loss of soluble minerals (salts) are rapid changes. These 

processes can produce measurable effects in a matter of few years. On the other hand, 

accumulation of clay or changes due to mineral weathering take place much more slowly. 
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Of all of soil forming processes, weathering takes place at the slowest rate. The extensive 

weathering of highly siliceous parent materials requires several tens to hundreds of 

thousands of years imder moderate to intense weathering conditions. Comparisons of the 

several processes of soil formation within a specific time fi-ame is possibly only where 

conditions allow each of the processes to function. For example, the relation of time to 

weathering of silicate minerals is of little significance in very dry climates. Under these 

conditions the effect of time must be judged fi'om such things as the solution and the 

translocation of lime and other soluble salts. 

Variation in any soil-forming factor can produce a change in soil properties. 

Sometimes the factors vary in such a way that their combined influence are additive. At 

other times they interact so that the effect of one compensates for or nullifies the effect of 

another. 

When considering the broad spectrum of soils over the surface of the earth, the 

most apparent changes in properties can be identified with differences in climate and its 

closely associated factor, vegetation. Whereas, parent material and topography do differ 

markedly fi'om place to place, locally or regionally, when considered of major importance 

to soil development. For example most landscapes are characterized by sloping rather than 

flat topography, and the majority of the parent materials are transported and have been 

initially derived fi'om siliceous rocks. In conclusion, the greatest differences among the 

majority of soils have to do with the properties that show the influence of climate and 

vegetation on soil development. 
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CHAPTER THREE 

MATERIALS AND METHODS 

A. The soUs and Their Environment 

Geology and Location of Greens Peak: Greens peak (3091 m) is the highest of over 375 

cinder cones present in the Springerville volcanic field located in southern Apache County, 

Arizona, in the Apache National Forest at 34 07 N. Latitude and 109 34 W longitude. 

Greens Peak is also near the center of the highest concentration of vents and most evolved 

rocks within the field. It is composed of basaltic tephra dated at 0.76 ± 0.02 Ma (Aubele 

et al, 1986). 

The Springerville volcanic field is late Tertiary (latest Pliolcene) to Quaternary in 

the age. It contains no silicic eruptive centers or large composite volcanoes. Most of the 

lavas are alkali olivine basalt, many are chemically transitional toward tholeiite, including a 

smaller portion of more evolved alkalic rocks and tholeiite. The best preserved younger 

flows and cinder cones are located in the Greens Peak area, surrounding the central 

concentration of vents. Merrill and Pewe (1977) combined the younger basaltic field north 

of Ariozna highway 260 with the older basalt and trachyte shield of Mount Baldy, into a 

single province called the White Mountains volcanic field. 

Climate: The climate of the White Mountains is humid to moist subhumid (Thomwaite, 

1948). The climate of the Greens Peak area is continental climate with warm summers and 

cold winters with extreme seasonal variation. The major part of precipitation falls in the 

summer, with that in July, August and September accounting for more than 60% for an 

average year. The summertime precipitation falls during the thuderstorms which form in 
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the moist, warm flow of air moving over Arizona form the Gulf of Mexico. Winter 

precipitation comes largely from storms from the Pacific Ocean that have moved into the 

state from the southern California. Most of the winter precipitation occurs as snow. 

From 1966-1975 precipitation was measured at two stations on Greens Peak one 

in a grassland area (south slope) and the other in a spruce forest (north slope). The 

monthly precipitation at the forest site varied from 0 to 8.64 inches, and in the grassland 

form 0 to 7.43 inches. The annual precipitation for the spruce forest and the grassland area 

was 27.44 and 20.49, respectively (US Forest Service, Unpublished data). 

The mean annual temperature (monthly based) on Greens Peak (2440m elevation) 

is 6.3° C. The mean daily maximum is 20° C, and the mean daily minimum is 0° C (Hevly, 

1968 and Merrill, 1970). Elevations over 2700 m in the White Mountains have greater 

than 262 frost-alternation days per year (Merrill, 1970). 

The distribution of vegetation on Greens Peak is a fiinction of slope aspect, the 

differences are due primarily to different amounts of solar radiation which produce marked 

changes in microclimate. Solar radiation is an important factor in determining the climate. 

Swiit and Bavel 1961 reported relatively small contrasts in solar radiation between the 

north and south slopes in summer. Whereas, in winter, there is a great contrast between 

the two slopes. Moreover, the amount of solar radiation is very important in snow 

accumulation. The snow line is also affected by the amount and season of precipitation, 

summer temperature, winter wind drifting, and topographic protection against the sun. Air 

temperature and moisture content in the south slope is lower than the north slope. This is 
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most likely due to greater solar radiation and associated lower evapotranspiration. (Frank 

and Lee, 1966). 

Vegetation: The north slope is mainly covered by forest, predominantly Englmann spruce 

(Picea englmannit) with some admixing of quacking aspen (Populus tremulorides). The 

south slope is mainly covered by grass-Arizona fescue {Festuca arizonica), sheep fescue 

{Festuca ovina) and mountain muhly (Muhlenbergia montana). The east aspect inside the 

forest-grassland boundary consists predominately of Engelman spruce with some quaking 

aspen and intermittent grasses. The northeast aspect is predominated by quaking aspen. 

The west is mainly covered by Engelman spruce while the south west aspect has grass 

cover of Arizona fescue (Jones, 1973; Leven and Stender, 1976; Davis, 1976). 

Soils: 

Soil classification: Forested pedons are all Typic Haplocryands. Grassland pedons include 

Typic Hapludands (WSW and SWS pedons) and Utric Hapludands. 

Soil climate: Forest pedons are udic and cryic; The grassland pedons are udic and frigid. 

B) Soil Samples Collection and Processing 

Sample Collection: Soil samples were collected from 19 pedons. These pedons were 

located at different aspects (slope directions), namely the north, north northeast, northeast, 

east northeast, east, east southeast, south southwest, south, north northwest, northwest, 

west northwest, west, southwest, west southwest (2 sites), and south southwest on a 

transect around Greens Peak along the 2,980 m (9,777 ft) contour. Transition pedons 

located at the boundary between the grassland and forest on the west and the east aspect 

and an additional site just inside the forest area the west aspect were also sampled. This 
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latter site is located where snow collects in drifts. This snow on Greens Peak is the last to 

melt in the late spring or early summer. This site is called the snow bank. Sample sites 

were selected where soil erosion was minimal, and the most complete soil stratigraphic 

history was preserved. Slopes of all sampling sites are between 30 and 40 percent. Aspects 

of the forested pedons; W, WNW, NW, NNW, N, NNE, NE, ENE and E. Aspects of the 

grass land pedons: WSW (two sites), SW, SSW, S, SSE, SE and ESE. 

In order to maintain representative soil samples around the peak, the 19 pits were 

excavated to a depth where raw (unweathered) cinders were exposed. Soil samples were 

then collected by horizon, air dried, gently crushed to pass a 2mm sieve, mixed 

thoroughly, labeled and stored in small glass jars. The morphological characteristics for 

each pit were recorded. For each horizon physical and chemical properties are listed in 

Appendix I 

C) Quartz Separation: 

Soil Organic Matter Removal: Soil organic matter was removed by igniting 

approximately 3g of soil sample in a fiimace at S00° C for 2 hours. Prior to sieving and 

after the removal of soil organic matter, dry soil samples were weighed and dispersed by 

an_uItrasonic probe (20 kHz, 250 W for 7-10 minutes), followed by wet sieving to 

separate the <100 jj.m fraction using an ATM testing sieve #140. The Fraction >100 |im 

was weighed and stored for future analysis. Quartz was not detected in this firaction 

(>100 ^m). Sieved and dispersed samples were then dried at lOS^C for 24 hours. 
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Quartz was isolated from the <100 ^m fraction by fusion with sodium pyrosulfiUe-

Na2S207 followed by treatment with hexafluorosilisic acid (H2SiF6) (Syers et al., 1968; as 

modified by Shridhar et al., 197S and Jackson et al., 1968). Fusion with sodium 

pyrosulfate was done in order to decrystallyze and break down the structure of the non-

quartz minerals. 

Approximately 200 mg of dried, sieved and dispersed soil sample was digested 

with about 18 grams of sodium bisulfate (Na2S04) in a fused quartz or silica crucible. The 

initial digestion at a relatively low temperatures converted the Na2S04 to Na2S207. This 

was followed by a high temperature fusion. Iron and manganese oxides were removed by 

repeated washes with 3 M hydrochloric acid (HCl), while amorphous silica was removed 

by digestion with NaOH for 2.5 minutes. The hexafluorosilisic acid (H2SiF6) 

treatment was used to remove feldspars after the treatment with sodium pyrosulfate. 

Errors may occur in this procedure. For example, the presence of non-quartz 

silicates other than feldspars (zircon, ZrSi02) that resists the Na2S207-HCL-Na0H 

treatments will give a positive error. The overall error of quartz determination is generally 

of the order of Ito 5% of the sample (increasing with decreasing particle size) when only 

quartz and feldspars are present in the residue (Cooper et al., 1984). Quartz residue was 

then dried at lOS^'C for 4 hours, weighed, and stored for particle size analysis. 

D) Quartz Content Calculations and Particle Size Analysis 

Quartz Percentages: The percentages of quartz in each horizon were calculated based on 

the total mass of the soil (the fraction from which it was isolated). The following equations 

demonstrate calculation of quartz percentages; 
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Jractionofof < IQOfon {¥) = 
Weightof < 100/iw 

Dry weight of total sample 

VoQuartziXi) = 
Weight of quartz 

Quartz content was then calculated for whole horizon as mean weighed average (MAW) 

for all sub-horizons and as follows: 

Voof Quartz for each sub - horizon = (A7 ) * (/)/) 

Where; n is the number of sub-horizons, and D is the thickness of the horizon 

Particle Size Analysis: Particle size analysis provide veiy useful data when working with 

unconsolidated sediments. It gives a basic understanding of what can be expected from the 

sediment. Traditional methods of size analysis, especially for sizes less than 70 |im i.e. 

hydrometer and pipette analysis are usually lengthy and the properties being measured are 

not always known or agreed upon. Other drawbacks of these methods concern the sample 

itself or the way it is treated. Sample sizes need to be large (S-15 g/1), below which the 

analysis becomes inaccurate (Swift et al., 1972). Sedimentation tubes commonly used for 

pipette analysis are not large enough and may produce inaccuracies up to 34% (Gibbs, 

1972). The size distribution of the sample itself may afifect the results. Subramanya and 

ft 

^Xi*Di 
% Quartz for each horizon = i=I 

ft 

1=1 
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Valsankar (1973) indicated that greater than 0.5% clay content in suspensions alters the 

fluid properties and increases viscosity depending on the amount of the clay. This 

increases the settling time for silt particles, and decreases the apparent size of the particles. 

In all of these methods the sample is destroyed or made useless for other analysis. In this 

experiment, particle size analysis was performed using a Spectrex 2000 Laser Particle 

Counter (LPC), a new optical method for size analysis using a focused laser beam which is 

directed through a sample solution where particles are detected when they pass through 

the laser in the focus area. 

The Spectrex Laser Counter is rapid, non-destructive, and requires a minimum of 

sample size and handling which helps to ensure unbiased and accurate measurements 

(Hoyte, 1997). The limits of detection are 1 to 100 microns in diameter and 0 to 999 

particles per milliliter. 

All samples were analyzed under the same conditions of shaking time, volume analyzed, 

and dilution. To ensure minimum variability, the closest three replicates were chosen for 

each sample. The criteria for choosing the best representative replicates accounted for 

particle size distribution, phi distribution, total counts, total suspended solids, 

concentration in ppm, mean diameter, and the standard deviation. All samples were diluted 

with dionized water taken from Soil, Water and Plant Laboratory (SWPAL), University of 

Arizona, Soil, Water and Environmental Science Department. The particle size distribution 

for the dionized water was analyzed and the the particle count background was taken out 

(omitted) from each sample analyzed. 
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Prior to particle counting each sample was dispersed by sonication to insure 

dispersion and minimize any instrumental error (coincident counting), diluted to the proper 

volume to give readings of less than 1000 particles per milliliter, transferred into a clean, 

high durability glass bottle (5cm diameter), cleaned with lens cleaning tissue, shaken 

vigorously for approximately 30 seconds, placed inside the laser detector, stirred with a 

magnetic stirrer to produce a uniform suspension, and scanned for particle counting. 

The particle concentration (counting) and the size distribution were obtained and 

converted to weight percent by using the particle diameter and assuming the density of 

quartz to be 2.65 g/cc. For each horizon, cumulative percentages versus quartz size in 

microns were established for further comparisons and data discussion. 

The laser inspection technique is very sensitive and permits observation of the very small 

particles. More than 1000 particles being counted in one millimeter will cause coincident 

counts, where more than one particle is scanned at any one time. This will result in 

counting errors and should be avoided with dilute samples with clean particle free water. 

Extra caution was paid through this analysis not to exceed the maximum detection limit 

per volume, and all replicates were treated the same to minimize any error in particle 

count. Moreover, particle size measurement is based on the amount of scattered light 

reaching the collection system; anything which attenuates the light will have some effect 

on the calibration. Imperfections of the glass bottles or dirt on the outside of the bottles 

will also attenuate light to some degree and may influence the calibration. This was 

eliminated by carefully cleaning the bottles, removing any smudges and fingerprints using 

lens cleaning tissue, and checking the bottle for any imperfections. 
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For each sample three replicates were analyzed. The mean value (of counts and 

mass percentages) for each size for the three replicates was calculated, and then used to 

establish curves for cumulative percentage of particle size distribution. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

The depth distribution is such that the occurrence of quartz in the soils on Greens 

Peak is largely restricted to the surface horizons (Figures 4-7). The grain size distribution 

of quartz is consistent with an eolian origin. In the soils, most of the quartz is found in the 

medium and coarse silt (63-20 |im) size fractions with less in the fine sand (100-63 ^m) 

suggesting that the quartz is largely of a local dust (loess) origin. The local quartz, as 

represented by the 63-20 size fraction, shows a systematic decrease in abundance with 

increasing depth. Moreover, the local effect in quartz accumulation, in addition to the 

prevailing wind direction and rainfall variation, and the presence of fine sand and loess 

size quartz also suggests that quartz was derived fi'om local or nearly sources. 

Cumulative curves show that the quartz tends to accumulate in the silt and very 

fine sand fraction. The amount of quartz varies in the upper horizons form the east to the 

west and fi-om the north to the south aspects. The prevailing direction of the wind seems 

to exert an effect on the quartz content. 

The increase in quartz content fi'om these directions suggest that locally eolian 

inputs were controlled by the wind direction and the precipitation in both summer and 

winter seasons. 

A consistent order of geographical and climatological factors were found to 

govern the distribution of quartz among sampling sites. The slope seems to exert an 

influence on the quartz content with some horizons containing much higher amounts of 

quartz than others. 
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Before accepting the hypothesis that the quartz in the basaltic soils is altogether 

derived from the external sources, the possibility of quartz authigenesis during soil 

formation should be examined. Some of the basaltic soils examined contain (appreciable or 

small) amounts Kaolinite in their clay fraction . During the formation of this type of clay 

mineral from the primary minerals in the parent material, a considerable amount of Si is 

released. It is expected that the silica was removed by leaching. However, there is a 

possibility that some of the silica might have been precipitated in a crystalline form. 

Precipitation of silica in soils formed from or influenced by volcanic ash (including 

basaltic tephra) are common in arid and semi-arid soils to form duripans. The silica is 

primarily in the form of opal-A and opal-CT rather than microcrystalline quartz (Chadwick 

et al., 1989). According to McKeague and Cline (1963), formation of secondary quartz 

requires that the soil be subjected to wetting and drying cycles and that silica re-dissolved 

on wetting is not completely removed by leaching. These conditions do not exist under the 

climate conditions on Greens Peak. 

Moreover, geochemical calculations often show that the quantities of quartz 

present in soils greatly exceed the quantities of silica released during weathering and clay 

formation. The increased quartz content is generally thought to be due to its accumulation 

as residual weathering products remaining when other minerals less resistant to weathering 

undergo breakdown. 

Authigenic quartz has been reported in some basaltic soils, associated with less 

crystallized forms of silica, such as opal (Kovda et al., 1958). Authigenic quartz is usually 

characterized by its more or less perfect idiomorphic form. The quartz grains in the soils 
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of Greens Peak, Arizona have, particularly in the larger grain size an irregular 

shape. Authigenic quartz should be expected to be present mainly in the clay fractions, 

since favorable conditions for cryastallization could hardly have been prevalent for a long 

enough period for large crystals to develop. In Greens Peak soils a large part of the quartz 

is found in the fine sand and silt fraction. 

The climate in Arizona is characterized by two periods of precipitation: one season 

is in the winter (December through March) and the other during summer (July, August 

and September). It is estimated (ARIS, 1975) that 50 percent of the precipitation occurs in 

the winter months in the Greens peak area. The winter precipitation is associated with 

large scale mid-latitude cyclonic disturbances that come from the Pacific Ocean. Summer 

rainfall has a tropical origin when the southwestern United States receive a deep gentle air 

flow from the Gulf of Mexico. The unstable air advances into Arizona from the southeast 

over strongly heated land surfaces and yields moderate to heavy afternoon or evening 

thunderstorms. Summer rains are generally brief, sometimes intense and scattered. In 

contrast the winter precipitation (which occurs mostly as snow in Greens Peak) is 

widespread. 

In view of the foregoing it must be concluded that quartz in the basaltic soils is 

mainly contributed from a source outside the basalt area. The grain size distribution of the 

quartz distinctly suggests its eolian origin. 
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Quartz Content 

All soils showed a decrease in quartz with depth (Figures 4-7), with the average 

total quartz content of all soils higher in the surface horizons than in the lower horizons 

(Table 3 a,b). No quartz was found in the C horizons. The quartz content in the upper 

horizons (A) varied form as high as 36.1% in the East transition side to the lowest of 

12.1% in the South-Westsouth side of Greens Peak (Table 3 c). The East transition side 

also showed the highest quartz content in the lower horizons (B). 

The total amount of quartz varied from as high as 70.51% in the east transition 

side to as low as 12.17% in the south west-south side of Greens Peak. The forest soils 

(north aspect) contained greater amounts of quartz (30%) than the grassland (south 

aspect) soils (16.6%). The total amount of quartz in the upper horizons in the forest soils 

(17.8%) was similar to that in the grassland soils (16.6%). The total amount of quartz 

decreased from the north to the south side, and from the east to the west side. 

Deposition of dust can occur when there is a local or regional reduction in wind 

velocity due to either meteorological, topographical or vegetational (i.e. tall forest trees) 

factors. Rapid deposition of dust in short-term suspension frequently occurs as a dust 

cloud crosses a roughness boundary. Therefore, the highest amounts of quartz found in 

the east transition side can be explained by the change in boundary roughness. Moreover, 

it is apparent that the forest vegetation is more efficient in trapping dust than the grass 

cover due to changes in surface roughness and reduction of wind velocity. In addition to 

the previous factors, the slope inclination, another possible factor, could well be one of the 

main influencing Actors for dust trapping and quartz distribution. 
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Goossens (198Sb) pointed out that in dust clouds containing very high particle 

concentrations, the grains do not settle individually but instead behave collectively as a 

coherent mass. Coarse and medium silt grains traveling at relatively low levels in the 

atmosphere either settle back to the surface or are trapped by obstacles transverse to the 

flow. Part of the fine silt and clay, on the other hand, which travels at higher levels, is less 

affected by surface roughness and may remain suspended for longer periods. Such 

particles reach the ground surface when they are washed out by rain or other precipitation. 

Ganor (1975) found that washed-out dust contains up to 50% clay, while dry 

deposited dust contains less than 20% clay. Two mechanism of washout have been 

identified. In the first, particles are collected by rain, hail or snow falling through a cloud 

of material, while the second involves capture of dust particles by cloud droplets and 

subsequent deposition of these droplets as rain (Pasquill and Smith, 1983). 

Figure 8 shows the trend in quartz distribution around the peak. There is a 

decrease in quartz content fi-om the north (forest) to the south (grassland) side, and fi-om 

the east to the west side. In summer, precipitation falls almost entirely during the 

thunderstorms moving over Arizona fi-om the Gulf of Mexico. In winter, precipitation 

comes with storms fi-om the Pacific Ocean that have moved into the state fi-om southern 

California (Sellers and Hill, 1974). Dust storms in Arizona are seasonal in their 

occurrence, reflecting the occurrence of strong dust transporting wind and the times when 

dry surfaces are exposed to the wind. The highest frequency of dust storms in Arizona 

occur in the months with strongest wind (July-August). These storms develop where 



69 

Strong heating of the ground surface during the day forms a layer of supeiiieated air just 

above the ground surface. 

Therefore, summer rain associated with wind storms, combined with the slope and 

the inclination efifect and the forest canopy is apparently the major factors affecting the 

eolian inputs in the Greens Peak area. Moreover, the decrease in quartz content from the 

east to the west sides reflects to a less extent eolian inputs coming from the Pacific Ocean 

winter rain. However, it may be apparent that dust wind coming from the east (western 

New Mexico) has an effect on increased quartz distribution from that direction. 

The total quartz content for each sub horizon decreases with soil depth (figures 9-

11). The grassland soils have thicker A horizon than the forest soils. On the other hand, 

the grassland soils lack B horizons. The average thickness of the upper sub-horizon (A) in 

the forest soils was 7 cm, and in the grassland side is 40 cm. The averaged thickness of the 

lower sub-horizons (B) in the forest soils is 74 cm. The upper sub-horizons (A1 and A2) 

showed higher quartz content in the forest soils than the lower ones. The average content 

of quartz in the forest soils is 17.8 %, the maximum was 23.6% in the east northeast side 

and the minimum was 14.1% in the west side of Greens Peak. On the other side, the 

quartz content of the grassland soils averaged 16.7% (in the upper horizons), with a 

maximum of 23.5% in the west southwest side, and the minimum of 10.9% in the south 

west south side. 

In addition to, the total amount of quartz being higher in the forest (north side) 

than in the grassland soil (south side), quartz was found at lower depths in the forest soils. 

In the forest soils the average depth is 93cm, with the maximum depth (120cm) occurring 
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in the soil of the west aspect, while the minimum (78cm) was found in the soil of the east. 

On the other hand, the average depth of quartz in the grassland soils is S4cm, the 

maximum is 107cm in the snow bank site, and the minimum is on west south west side. 

The snow bank site is a site formed just inside the forest boundary near the west transition 

site where the most snow accumulated in winter (snow drift), and the last snow to melt in 

the early summer. 

The higher content of total quartz in the forest soils may be caused by the 

difference in surface roughness especially the effect of tall trees as compared to short 

grass, and soil texture. Surface roughness playa a significant role in dust deposition. Belot 

et al. (1976) have modeled particulate deposition and show that an increase in surface 

roughness causes a significant increase in deposition rates. This confirmed with earlier 

work for Chamberlain (1967) who found that this effect was particularly important at high 

wind speeds and for particles greater than 10 ^ diameter, much of it caused by impaction 

at the higher wind speed. 

Chamberlain (1967) also found that wet surfaces caused increased deposition. 

Thus while rain may partially wash leaves clean of deposited dust, the resulting wet 

surfaces may then experience higher deposition rates. In addition to soil texture and 

vegetation cover, the maximum depth occurred in the west side were snow was drifted 

towards these areas. Moreover, using the total depth distribution of quartz gives a clearer 

effect of the microclimate and vegetation than using the depth distribution for each sub-

horizon. 
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Table 3 a. Average mean of quartz content (%) in the forest and grassland soils 
A, B and C horizons 

Horizon Forest Grass Land Gulf of 
Mexico 

Downwind Average 
Total 

A 17.8 16.6 21 16.5 18.3 
B 12.2 0 7.7 9 8.5 
C 0 0 0 0 0 

Total 30 16.6 28.7 25.5 26.8 

Table 3b. Average, minimum and maximum of quartz content (%) in the forest and 
grassland soils 

Upper sub-horizons (A) 

Quartz */• 
Sub> Forest Grass Land 

Horizon 
_JA1 

Min 
Max 

Average 

14.1 
23.6 
17.8 

10.92 
23.5 
16.6 



Table 3 c. Average mean of quartz content (%) 

Horizon 
Side ABC Total 

N 22.61 14.10 0.00 36.71 
NNE 15.40 10.20 0.00 25.6 
ENE 21.55 13.50 0.00 35.05 

E Trans. 36.11 34.40 0.00 70.51 
NE 17.60 14.00 0.00 31.6 
E 19.31 13.80 0.00 33.11 

ESE 18.60 0.00 0.00 18.6 
SE 31.82 0.00 0.00 31.82 

SSE 14.58 0.00 0.00 14.58 
S 13.91 0.00 0.00 13.91 

NNW 18.18 13.20 0.00 31.38 
WNW 14.85 11.80 0.00 26.65 
NW 15.67 12.60 0.00 28.27 
W 12.28 9.10 0.00 21.38 

WSW 1 19.88 0.00 0.00 19.88 
SW 14.01 0.00 0.00 14.01 

SWS 12.17 0.00 0.00 12.17 
W Trans. 15.73 11.80 0.00 27.53 

Snow Bank 16.51 11.30 0.00 27.81 
WSW 2 15.67 0.00 0.00 15.67 
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Quartz Size Distribution 

Large amounts of quartz occurred in the fine sand and silt fi'actions, whereas no 

quartz was detected in the clay firactions. (Figures 12-30). Quartz is concentrated mostly 

in the coarse silt (22-53 |im) fi-action (50%). About 70% (weight based) of the quartz was 

found in the fine and coarse silt fi^ction (5-53 ^m). No quartz was detected in the very 

fine silt (2-5 |im) and the clay (<2 ^m) fi-action and much of the quartz in these soils 

occurs in the (17-63) ^m size fi-action. The amount of quartz in the <63 |im fi-action of all 

Greens Peak soils showed a decrease in quartz content with depth. The abundance of silt 

and very fine sand quartz, and the paucity of aerosolic quartz (1-10) |im in these firactions 

is indicative of short distance transported dust fi-om the local surroundings. About 97% of 

the quartz counts occurred in the fine and coarse silt (Table 4). 

The percentages of the silt (70%) and the sand (30%) fi-actions are similar in both 

the forest (north side) and the grassland soils (south side). The upper and the lower 

horizons of all the soils of Greens Peak also showed similar proportions of both fi'actions. 

Hie east side showed the highest percentage of quartz in the coarse silt fi^ction (69%) and 

the lowest in the very fine sand firaction (11%). 

The similarities in the silt and sand fi-actions in all the soils indicates that the eolian 

inputs came fi-om the same source, the uniformity of all sub fi^ctions also indicates the 

same source of these inputs. Moreover, the mathematical treatment for the particle size 

showed no differences between the forest and the grassland soils. 
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The mean and the standard deviation of the particle size distributions are similar in 

both the north (forest soils) and the south aspect (grassland soils) of Greens Peak for both 

the upper and the lower horizons. However, the quartz particle distribution in the upper 

horizons showed positive skewness while a negative skewness was found in the lower 

horizons (Table 6). 

The amount of quartz in the A horizon was higher than B horizon. The highest 

value (36.1% by weight) occurs in the A horizon in (East Transitional) that lies in the 

East and East-Southeastern windward position. The cumulative percentages of quartz 

particle size distribution (particle count based) were established to test if an aerosolic 

quartz is present in Greens Peak soils. These graphs (a Graphs) show most of the quartz 

counts occur in the 17-42 ^m and no quartz was present in the 1-10 size fraction 

(aerosolic size). Table 6 shows that 97% of the quartz counts occur in the fine and coarse 

silt fraction, and just 3% of the particles occur in the very fine sand fraction. 

The cumulative particle count percentages (Table 5) do not totally reflect the 

distance of the traveled quartz (dust), whereas the weight based percentages are 

scientifically valid for such studies of eolian influxes. Moreover, all of the count based 

graphs show similarities in particle distribution over the total range of the size studied. 

This is an indication that the inputs into the Greens Peak soils were uniform and also 

reflects the proximity of the source. 
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Mathematical Treatment Of Size Distribution Data 

Statistical analysis of the quartz grain size distribution was made to determine if 

the samples came from the same depositional environment. Since most of the woilc 

evaluating grain size distribution of soils and sediments is based on the weight percent of 

each size class, the cumulative percentages of the quartz size distribution data were used 

using the computational technique of the moment statistics (Griffiths, 1967). 

Computations of the moment statistics include the mean (first moment), standard 

deviation-SD (second moment), skewness (third moment), and kurtosis (fourth moment). 

One approach to quantitatively analyze the grain size data is to characterize each 

size analysis by a derived number, and then compare and contrast the samples using the 

derived numbers. When the phi scale (<!>= - log d„ a log transformation of the particle 

diameter in millimeters) is used to simplify the computation of the statistical parameters, 

grain size distribution data is analyzed by conventional moment statistics and used to 

characterize individual samples (Griffiths, 1967). 

The descriptive statistics used are mean size ( a measure of central tendency of the 

curve), standard deviation (a measure of spread around the mean, or sorting), skewness (a 

measure of symmetry of the distribution around the mean), and kurtosis (a measure that 

has no visual analogy) is used with skewness to compare sample sorting and source. 

Table 6 shows the mean, SD, skewness, and kurtosis for both the upper and the lower 

horizon of all tested sites. 

All sites showed similar average for the mean, standard deviation, skewness, and 

kurtosis in both the A and B horizons. The great resemblance in the size distribution 
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proved by the four moment statistical analysis indicates that these inputs were well sorted 

and came from the same source. Statistical analysis showed no difference in grain size 

distribution between the north (forest) and south (Grassland) aspect. 

The sorting for quartz particles can be tested by plotting skewness vs kurtosis and 

skewness vs standard deviation. Skewness can be used as an index of sorting in a long 

term sedimentary environment. Sorting is a measure of the spread of the distribution on 

either side of an average such as the mean. Close values for the standard deviation 

indicates a curve with sharp peak and good sorting, in contrast to spread values where the 

curve has a flatter peak and poor sorting (Friedman, 1962). 

Trask (1932) considered that skewness values of zero and kurtosis values <3 

reflect good sorting of similar grain size distributions, quartz distribution showed grain 

average skewness value close to zero, kurtosis value was less than 3. This in addition to 

quartz size distribution supports our hypothesis that quartz came from a local source. 
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Fig.12 Quartz particle size frequency in the North side of Greens 
Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig.14 Quartz particle size frequency in the Northeast side of Greens 
Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig.15 Quartz particle size frequency in the East-Northeast side of 
Greens Peak. a. Particle counts percentages. b. Mass percentages. 
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Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig.l8 Quartz particle size frequency in the North-Northwest side of 
Greens Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig.l9 Quartz particle size frequency in the Northwestern side of 
Greens Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig.20 Quartz particle size frequency in the West-Northwest side of 
Greens Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig.21 Quartz particle size frequency in the West transition side of 
Greens Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig.22 Quartz particle size frequency in the Western side of Greens 
Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig.23 Quartz particle size frequency in the East -Southeast side of 
Greens Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig.24 Quartz particle size frequency in the Southeast side of 
Greens Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig.25 Quartz particle size frequency in the South-Southeast side of 
Greens Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig.26 Quartz particle size frequency in the South side of Greens 
Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig.27 Quartz particle size frequency in the West-Southwest side of 
Greens Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig.28 Quartz particle size frequency in the South-Westsouth side of 
Greens Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig.29 Quartz particle size frequency in the Snow bank side of 
Greens Peak. a. Particle counts percentages. b. Mass percentages. 
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Fig. 30 Quartz particle size frequency in the Southwestern side of 
Greens Peak. a. Particle counts percentages. b. Mass percentages. 
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Table 4. Particle size distribution (mass based) 

Particle Size Distribution (̂ m) 
(Mass %) 

Sample Stte Horizon >2 2-5 5-22 22-63 >53 
Clay, v.f. Silt f.Silt c. Sitt v.f. Sand 

NNE A 0 0 18 50 32 
NNE B 0 0 29 45 26 
SWS A 0 0 25 53 22 
NNW A 0 0 26 53 22 
NNW B 0 0 23 52 25 

N A 0 0 19 48 33 
N B 0 0 20 52 28 

NE A 0 0 22 53 25 
NE B 0 0 20 50 30 

ENE A 0 0 16 43 41 
ENE B 0 0 17 50 33 

E Transition A 0 0 33 53 14 
E Transition B 0 0 31 52 18 

S A 0 0 23 49 28 
sw A 0 0 26 47 27 

WSW2 A 0 0 19 47 34 
WSW1 A 0 0 16 53 31 

W Transition A 0 0 15 49 36 
W A 0 0 19 53 28 
W B 0 0 14 46 40 
E A 0 0 20 69 11 
E B 0 0 17 52 32 

ESE A 0 0 14 43 44 
SE A 0 0 15 44 41 

SSE A 0 0 15 47 38 
Snow Bank A 0 0 21 48 31 
snow Bank B 0 0 13 49 38 

NW A 0 0 15 55 30 
NW B 0 0 19 51 30 

WNW A 0 0 16 48 36 
WNW B 0 0 23 54 23 

Average 20 50 30 
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Table 5. Particle size distribution (particle counts based) 

Particle Size Distribution (̂ m) 
(Counts %) 

Sample Site Horizon >2 2-6 5-22 22<63 >63 

NNE A 0 0 64 33 3 
NNE B 0 0 73 25 2 
SWS A 0 0 69 29 2 
NNW A 0 0 69 29 2 
NNW B 0 0 70 28 2 

N A 0 0 67 31 3 
N B 0 0 64 33 2 

NE A 0 0 71 26 3 
NE B 0 0 65 32 3 

ENE A 0 0 65 32 4 
ENE B 0 0 62 35 3 

E Transition A 0 0 71 28 1 
E Transition B 0 0 71 28 1 

S A 0 0 74 25 2 
SW A 0 0 74 24 2 

WSW2 A 0 0 67 30 3 
WSW1 A 0 0 64 33 3 

W Transition A 0 0 60 35 4 
W A 0 0 66 31 3 
W B 0 0 65 31 4 
E A 0 0 62 37 2 
E B 0 0 62 35 3 

ESE A 0 0 73 23 4 
SE A 0 0 75 22 3 

SSE A 0 0 60 36 4 
Snow Bank A 0 0 69 28 3 
snow Bank B 0 0 59 36 5 

NW A 0 0 59 37 4 
NW B 0 0 65 32 3 

WNW A 0 0 59 38 3 
WNW B 0 0 68 30 2 

Average 67 30 3 
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Table 6. Mean, SD, skewness, and kurtosis for both the upper and the lower horizon 
of all tested sites (Based on <P values) 

Mean Mean so so Skewness Skewness Kurtosis Kurtosis 
Site A B A B A B A B 

N 4.735 4.788 0.755 0.755 0.219 -0.426 1.833 1.859 
NNE 4.709 4.889 0.719 0.769 0.124 -0.332 1.844 2.054 
NE 4.841 4.767 0.676 0.745 0.798 -0.342 2.050 1.951 

ENE 4.601 4.769 0.793 0.776 -0.396 -0.444 1.742 1.824 
NNW 4.917 4.845 0.770 0.779 0.410 -0.003 1.824 1.946 
NW 4.722 4.768 0.671 0.733 0.204 -0.424 2.040 2.027 

WNW 4.665 4.881 0.760 0.739 -0.357 -0.040 1.775 1.992 
Snow 4.776 4.588 0.768 0.792 0.071 -0.541 1.894 1.876 
Bank 

E 4.914 4.693 0.637 0.744 0.831 -0.354 2.300 1.867 
w 4.770 4.579 0.705 0.819 0.203 -0.605 1.901 1.836 

W Trans 4.656 0.716 -0.135 1.868 
E Trans 5.113 5.008 0.728 0.754 0.840 -0.287 1.724 2.154 

ESE 4.544 0.799 -0.232 1.931 
SE 4.587 0.805 -0.178 1.879 

SSE 4.618 0.755 -0.383 1.833 
s 4.798 0.794 0.1 31 1.884 

WSW 4.716 0.719 0.061 2.042 
sw 4.928 0.752 0.590 1.827 
sws 4.924 0.723 0.467 1.827 

Forest 4.763 4.765 0.721 0.762 0.226 -0.314 1.923 1.928 
Grass 4.736 0.764 0.065 1.889 
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CHAPTER FIVE 

SUMMARY AND CONCLUSIONS 

While considerable attention has been focused on the dominant factors for soil 

formation, less attention had been given to other minor factors. Recently, eolian in&U has 

been highlighted as an important component of soil pedogenesis. Eolian soil materials are 

defined as soil materials accumulated through wind deposition, most of these materials are 

found to be silty deposits (loess). Two major parts were investigated in this study: the first 

was to determine the source and possible origins (Three possible origins were 

investigated: 1) synthetic fi-om chemical weathering, 2) volcanic activity and 3) eolian 

input of quartz occurring in quartz fi-ee basaltic soils on Greens Peak Apache County, 

Arizona. The second was to determine the effect of the slope aspect (N-forest and S-

grassland) on quartz content and distribution in the soils of Greens Peak. 

The nineteen soils studied contained significant amounts of quartz. The highest 

amount of quartz was found in the east transitional side, while the lowest was found in the 

south west-south side (12.17%). The average of the total content for all the soils was 

26.8%. The forest soils contain higher amounts of quartz than the grassland soils (30%, 

16.6%, respectively). All soils contain similar amounts of silt and very fine sand. The 

average of the fine silt, coarse silt and the very fine sand in all soils is 20%, 50% and 30%, 

respectively. The forest and the grassland soils contain similar amounts of silt and sand. 

Great resemblance was found in the particle size distribution of all the soils on Greens 

Peak. 

The following discussion can be drawn fi'om this study as follows: 
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1. The quartz content decreased with depth. This provides evidence against the 

formation of quartz during the formation of basalts or parent materials for the soils. 

Moreover, olivine is present in these basaltic rocks, Mg-olivine and quartz don't coexist in 

equilibrium. Turner and Verhoogen (1960). This quartz is thus not inherited form the 

basaltic parent material. 

2. Geomorphic evidence suggests that quartz was not derived firom the basalts as 

a result from weathering and synthesis of the released soluble silica. To achieve the 

concentrations of quartz in soils, weathering of the basalts would require considerable 

landscape lowering and leaching of the basalt weathering products. Although it can be 

argued for surfaces on which pedogenically well developed soils have been formed. 

3. An aeolian origin is the logical source mainly because of three main reasons: 

1. Quartz was found in appreciable amounts in these soils. 

2. Quartz content was higher in surface horizons than the lower horizons, 

although the presence of quartz at lower horizons was noticeable. The 

latter is probably due to mixing (pedoturbation) processes resulting in 

incorporation of quartz into the lower horizons. 

3. The great resemblance of the particle size distribution and the percentages 

of quartz fractions in all studied soils. 

4. The vegetation cover exerted an effect on quartz content by playing a role in 

enhancing the collection of or depostion of quartz bearing dust. 

5. The microclimate affected the content of quartz through the slope aspect and 

the inclination and due to its influence on the vegetation distribution. 
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6. The precipitation and the local wind had greater eolian inputs in the summer 

than the winter season. 

7. Summer winds were the major source of the quartz in Greens peak. 

8. The greater depths of quartz in the forest soils reflects the efiSciency of forest 

canopy to intercept more moisture and possible greater mixing in the forest 

soils. 

9. Quartz in Greens Peak soils came from the same source. As indicated by the 

uniformity of the particle size distribution. 

10. The quartz was originated from local sources. The constancy of quartz in the 

silt, very fine sand and its absence in the clay fraction suggests this. 

11. The slope aspect did not have an effect on the particle size distribution of 

quartz. 

12. The vegetative cover did not have an effect on the particle size distribution of 

quartz. 

13. The source of quartz (Arizona summer winds) dominated the size distribution 

of quartz particles. 
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Site Horizon Depth Color Texture pH Base saturation 
JanJ % 

A1 0-7 10YR 3/3 SL 
A2 7-25 10YR 3/3 SL 
A3 25-46 10YR 3/3 SL 
CI 46-64 7.5YR 5/4 sL 
C2 64-90 SYR 5/6 SL 
C3 90-100 SYR 5/6 S 

A1 0-7 10YR 3/3 SL 
A2 7-20 10YR 3/3 sL 
A3 20-34 10YR 4/4 SL 
CI 34-54 7.5YR 5/6 sL 
C2 54-60 7.5YR 5/6 L 
C3 80-95 7.5YR 5/4 LS 
C4 95-110 10YR 4/2 LS 

A1 0-8 10YR 4/3 sL 
A2 8-24 10YR 4/3 sL 
Ac 24-36 10YR 4/3 sL 
CI 36-58 7.5YR 4/4 sL 
C2 58-90 7.5YR 5/6 LS 
C3 90-110 10YR 4/2 SL 

A1 0-11 10YR 3/3 sL 
A2 11-23 10YR 4/3 sL 
AS 23-37 10YR 4/4 sL 
Bwl 37-52 10YR 5/4 sL 
Bw2 52-76 10YR 5/4 sL 
CI 76-100 7.5YR 5/6 LS 
C2 100-120 7.5YR 5/8 SL 

A1 0-8 10YR 4/3 sL 
A2 8-20 10YR 4/3 sL 
CI 20-40 7.5YR 4/4 sL 
C2 40-55 7.5YR 4/4 sL 
C3 55^7 7.5YR 5/4 SL 
C4 67-95 7.5YR 4/4 S 

A1 0-16 SYR 2.5/ L 
A2 16-30 SYR 3/2 L 
A3 30-47 SYR 3/2 L 
CI 47-71 SYR 4/4 sL 
C2 71-90 SYR 4/4 LS 
C3 90-110 SYR 4/4 LS 

S:sandy, s:silty, Lzloamy 
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Site Horizon Depth Color Texture pH Base saturation 
Jcmi % 

SWS A1 0-8 SYR 2.5/ L 
ssw A2 8-21 SYR 3/2 L 

A3 21-43 SYR 3/3 L 
C1 43-64 SYR 3/4 SL 
C2 64-81 SYR 4/4 SL 
C3 81-102 7.5YR 4/4 LS 
C4 102-120 7.SYR 4/4 LS 

A1 0-15 SYR 2.5/ L 
A2 15-29 SYR 3/2 L 
A3 29-41 SYR 3/3 L 
CI 41-55 SYR 4/3 sL 
C2 55-73 SYR 4/4 sL 
C3 73-95 SYR 4/8 sL 
C4 95-110 SYR 4/4 LS 

A1 0-14 SYR L 
A2 14-33 SYR L 
Ac1 33-48 SYR L 
Ac2 48-72 SYR L 
C 72-105 SYR sL 

A1 0-18 SYR 2.5/ L 
A2 18-36 SYR 3/2 L 
A3 36-51 SYR 3/3 L 
Ac 51-71 SYR 3/3 L 
CI 71-86 SYR 4/3 sL 
C2 86-127 SYR 3/4 LS 

A 0-8 10YR 4/4 sL 
BA 8-27 10YR 5/4 sL 
Bwl 27-56 7.5YR 5/6 sL 
B«v2 56-82 SYR 5/8 SL 
Be 82-98 SYR 5/6 SL 
CI 98-102 SYR 5/6 SL 
C2 120-140 SYR 5/6 LS 

A 0-6 10YR 4/3 sL 
BA 6-24 7.5YR 5/4 sL 
Bwl 24-42 7.5YR 5/8 sL 
Bw2 42-60 7.5YR 5/6 sL 
B«v3 60-92 7.SYR 5/6 L 
C 92-130 10YR 4/2 S 

S:sandy. srsilty, L:loamy 
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Site Horizon Depth Color Texture pH Base saturation 
(cm) 

A1 0-12 10YR 3/3 sL 
A2 12-25 10YR 3/3 SL 
AB 25-33 10YR 4/4 sL 
Bwl 33-50 7.5YR 5/4 sL 
B«v2 50  ̂ 7.5YR 5/4 L 
Bc1 66-90 7.5YR 5/6 L 
Bc2 90-120 7.5YR 5/8 L 
CI 120-135 7.5YR 5/6 sL 
C2 135-150 5YR 4/4 S 

A 0-10 5YR 3/3 Silty 
AB 10-23 5YR 3/3 Silty 
BA 23-33 SYR 3/4 Silty 
Bwl 33-46 SYR 4/3 Silty 
Bw2 46-61 SYR 4/3 SiKy 
Bw3 61-76 SYR 4/3 SiKy 
Bel 76-91 SYR 4/4 Silty 
Bc2 91-109 SYR 4/4 Silty 
C 109-140 SYR 4/6 L 

A 0-13 SYR 3/3 L 
BA 13-25 SYR 3/3 L 
Bwl 25-47 SYR 4/4 L 
Bw2 47-75 SYR 4/4 L 
BC 75-92 SYR 4/6 LS 
C1 92-105 SYR 4/6 LS 
C2 105-130 SYR 4/6 LS 

A 0-9 SYR 3/3 L 
BA 9-24 SYR 4/3 L 
Bwl 24-44 SYR 4/4 L 
Bw2 44-61 SYR 4/4 L 
BC 61-85 SYR 4/6 L 
CI 85-110 SYR 4/6 SL 
C2 110-130 SYR 4/6 LS 

A 0-15 SYR 3/3 L 
AB 15-30 SYR 4/3 L 
BA 30-44 SYR 4/4 L 
Bwl 44-60 SYR 4/4 L 
Bw2 60-78 SYR 4/6 L 
BC 78-90 SYR 4/6 L 
CI 90-105 SYR 4/4 sL 
C2 105-130 SYR 4/6 LS 
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Site Horizon Depth 
(cm) 

Color Texture PH Base saturation 
% 

Snow BK A 0-13 SYR 2/2 Silty 5.7 58 
AB 13-30 SYR 3/3 Silty 
BA 30-48 SYR 4/3 Silty 
Bw1 48-64 SYR 4/4 Silty 
Bw2 64-82 SYR 4/4 Silty 
BC 82-107 SYR 4/4 Silty 
C1 107-122 SYR 4/6 Silty 
C2 122-150 SYR 4/6 Silty 

A 0-20 10YR 4/3 SL 
BA 20-44 10YR 4/4 sL 
Bwl 44-62 7.SYR 5/4 sL 
Bw2 62-78 7.SYR 5/B sL 
CI 78-110 7.SYR 5/6 SL 
C2 110-130 7.SYR 5/8 L 
C3 130-150 7.SYR 5/8 L 

A 0-8 10YR 4/3 sL 
BA 8-18 7.SYR 5/4 sL 
Bwl 18-48 7.SYR 5/6 sL 
Bw2 48-64 7.SYR 5/6 L 
Be 64-80 7.SYR 5/6 L 
CI 80-95 7.SYR 5/6 L 
C2 95-105 7.SYR 5/8 SL 
C3 105-130 7.SYR 5/8 SL 

Sisandy, s:silty, L:loamy 
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