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This study was conducted to investigate the differences of the 

profile distribution of free iron and free manganese and the reduction - 

oxidation changes in soils of the Willamette drainage sequence. 

Based on the results of the chemical analyses, free iron and 

free manganese distributions in these soils were governed to a large 

extent by drainage conditions. In poorly drained soils, free iron 

content in the upper layers was less compared to the well drained 

soils. In all drainage classes free iron tended to increase with 

depth. Free manganese distribution followed no pronounced pattern 

but in general it decreased with depth. Accumulation of free man- 

ganese at the AZ horizons of the poorly drained soils was apparent. 

Ferrous iron content increased from fall to winter season and 

then gradually decrea red again towards spring and summer months. 
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This observation seems to be in parallel with the water table fluctua- 

tions. A marked change was observed in the upper horizons with very 

slight, if any, in the lower depths. 

Redox potentials were higher in the better drained soils than 

those of the poorly drained soils. Consistently positive values in 

the lower depths were observed which seem to parallel the ferrous 

iron content. The poorly drained soils contained a greater abundance 

of iron -manganese concretions than the well drained soils. These 

concretions were found mostly concentrated in the lower A horizons. 

Chemical analyses showed that the free iron content was much higher 

than the free manganese of the concretions. 



IRON AND MANGANESE DISTRIBUTION AND SEASONAL 
OXIDATION CHANGES IN SOILS OF THE 

WILLAMETTE DRAINAGE SEQUENCE 

by 

Rosa Duro Somera 

A THESIS 

submitted to 

Oregon State University 

in partial fulfillment of 
the requirements for the 

degree of 

Master of Science 

June 1967 



APPROVED: 

Redacted for Privacy 

Professor of Department of Soils 
in charge of major 

Redacted for Privacy 

Head of Department of Soils 

Redacted for Privacy 
Dean of Graduate School 

Date thesis is presented 

Typed by Kay Smith for Rosa Duro Somera 

AÉ! /7(7 
----- f' . 



ACKNOWLEDGMENT 

The author wishes to place on record an expression of appre- 

ciation of the help and the kind and generous treatment she received 

from the Faculty and Staff of the Department of Soils. 

She wishes first to thank her major professor, Dr. Gerald 

Simonson, for having undertaken the responsibility of planning the 

author's course work and the kind consideration he showed her during 

the preparation and submission of her thesis. She acknowledges with 

gratitude the valuable help and advice that she received from Dr. 

Moyle Harward. 

She is deeply indebted to Dr. Larry Boersma for having given so 

freely his time and talents and to Mr. and Mrs. Peter Kerridge for 

their lingering counsel and unending encouragement they have given 

her. 

A special mention of the profound debt of gratitude to Dr. Camp- 

bell Gilmour and Dr. Horace Cheney. She wishes to thank them in a 

very special manner not only for the inspiring interest they took in the 

preparation of the manuscript but also for the extraordinarily kind 

concern they showed for the author's personal welfare. 

The author wishes to thank Oregon State University Agricultural. 

Experiment Station and U. S. Army Corps of Engineers for the 

assistantship grant and to her father who unselfishly provided the 

author's financial need which made her coming to OSU possible. 



TABLE OF CONTENTS 

Page 

I. INTRODUCTION 1 

II. LITERATURE REVIEW 4 

Iron Status in Soils 4 

Manganese Status in Soils 7 

Redox Potential 12 

Iron -Manganese Concretions 16 

III. MATERIALS AND METHODS 20 

Soils and Sites 20 

Field Procedures 23 

Laboratory Procedures 26 

Free Iron 26 

Ferrous Iron 26 

Free Manganese 27 

Concretions 28 

Organic Matter 28 

IV. RESULTS 30 

Profile Distribution of Free Iron and Manganese 30 

Ferrous Iron Seasonal Changes 35 

1964 -1965 Study 35 

1965 -1966 Study 42 

Redox Potential (Eh) Measurements 42 

Iron and Manganese Concretions 51 

V. DISCUSSION AND CONCLUSIONS 54 

Differences in Free Iron and Free Manganese 
Profile Distribution 54 

Free Iron 54 

Free Manganese 58 

Seasonal Changes in Ferrous Iron 58 

Redox Potential 60 

Iron -Manganese Concretions 62 

VI. SUMMARY 64 



BIBLIOGRAPHY 

APPENDIX 

Page 

65 

70 



Figure 

1 

2 

3 

4 

LIST OF FIGURES 

Page 

Map of study area showing location of sample 
sites. 21 

Monthly precipitation of the area during period 
of study. (Hyslop farm weather station). 22 

Comparison of the distribution of free Fe and 
Mn in soil profiles of the Willamette drainage 
sequence. 

Comparison of the distribution and content of 
free Mn in soil profiles of the Willamette 
drainage sequence. 

5a Ferrous iron content of Dayton soil (37) with 
depth, time, and seasonal water table levels, 
1964 -1965. 

5b Ferrous iron content of Concord soil (38) with 
depth, time, and seasonal water table levels, 
1964 -1965. 

5c Ferrous iron content of Amity soil (33) with 
depth, time, and seasonal water table levels, 
1964 -1965. 

5d Ferrous iron content of Woodburn soil (40) with 
depth, time, and seasonal water table levels, 
1964 -1965. 

5e Ferrous iron content of Willamette soil (36) 
with depth, time, and seasonal water table 
levels, 1964-1965. 

Ferrous iron content of Dayton soil (37) and 
seasonal water table levels, 1965 -1966. 

6b Ferrous iron content of Concord soil (38) and 
seasonal water table levels, 1965 -1966. 

33 

34 

37 

38 

39 

40 

41 

43 

44 

6a 



Figure 

6c 

6d 

6e 

7 

8 

Page 

Ferrous iron content of Amity soil (33) and 
seasonal water table levels, 1965 -1966. 45 

Ferrous iron content of Woodburn soil (40) and 
seasonal water table levels, 1965 -1966. 46 

Ferrous iron content of Willamette soil (36) 
and seasonal water table levels, 1965 -1966. 47 

Redox potential of the five soil series under 
study with time (March to May, 1966). 48 

Comparison of the distribution and content 
of free Fe in soil profiles of the Willamette 
drainage sequence. 57 



LIST OF TABLES 

Table Page 

1 Free Fe content of representative profiles of 
the five series under study. (Average of two 
replicate determinations) 31 

2 Free Mn content of representative profiles of 
the five series under study. (Average of two 
replicate determinations) 32 

3 Concretion content of representative profiles 
of the Willamette drainage sequence. 52 

4 Free iron and free manganese contents of the 
concretions of the soils studied. 53 

Appendix Table 

1 Seasonal ferrous iron content of 14 profiles of the 
five soil series of the Willamette drainage 
sequence (1964- 1965). 75 

2 Seasonal ferrous iron content by profile depth of 
five series of the Willamette drainage sequence 
(1965- 1966). 77 

3 Organic matter content of the soils studied. 78 

4 Percent clay content of the soils studied. 78 



IRON AND MANGANESE DISTRIBUTION AND SEASONAL OXIDATION 
CHANGES IN SOILS OF THE WILLAMETTE 

DRAINAGE SEQUENCE 

I. INTRODUCTION 

The oxides of iron and manganese are generally considered to 

exist in soils in one or more valence states with different degrees of 

mobility. The degree of iron and manganese mobility in soil profiles 

is governed by the interacting effects of moisture, pH, temperature, 

organic matter, oxidation - reduction processes, and biological acti- 

vity. The solution and precipitation of iron and manganese determine 

their profile distribution. These phenomena have aroused the keen 

interests of soil morphologists in regard to their influence on the 

visible drainage colors of the soil profile horizons. Profile color 

pattern is the primary morphological assay of the soils natural 

drainage. 

The formation of reduced iron in soils has been reported to 

influence color changes in the soil profile. Daniels et al. (1962) 

found that the degree of the color change in the development of soil 

gley appears to be comparable to the increasing amounts of ferrous 

iron. Profile distribution patterns of free iron in poorly drained 

and well drained soils had been found to be quite different. Similarly, 

manganese distribution has been shown to follow different patterns in 

different soils (Daniels et al., 1962). These iron and manganese 
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distribution patterns were reported to be characteristic of soils at 

the great soil group level which differ in drainage characteristics. 

Manganese accumulations in the lower B horizon were usually found 

in poorly drained soils. 

Oxidation and reduction are two chemical processes that are 

involved in the solution and migration of metallic ions such as iron 

and manganese. There is a differential solubility of the oxidized and 

reduced state of these ions. If there is a variation in the state of 

oxidation within the soil profile, such elements can be brought into 

solution, translocated and precipitated in horizons of different 

oxidation - reduction status. Therefore, knowledge of the oxidation - 

reduction potentials in soils may help in explaining differences in 

profile distribution of iron and manganese in soils of different drain- 

age classes. 

The Willamette drainage sequence includes several major soil 

series of the Willamette valley. Poorly to well drained members of 

this sequence are respectively, the Dayton, Concord, Amity, Wood- 

burn, and Willamette series. These soils occur in association on 

the main valley floor terrace underlain by the "Willamette silts" 

and comprise a sequence of soils differing in natural drainage con- 

ditions. 

The climate of the Willamette valley is characterized by dry 

summers and mild wet winters. Consequently, there is a pronounced 
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seasonal change in soil moisture conditions irrespective of drainage 

class. Water table records were available on representative sites 

of the five soil series. These soil sites thus provided an opportunity 

to study differences between soils of different drainage conditions and 

to determine seasonal changes in soils that are related to water table 

fluctuations. Emphasis was placed on the evaluation of the following 

phenomena: 

1. The profile distribution of free iron and manganese in soils 

of the Willamette drainage sequence. 

2. The seasonal changes in ferrous iron content and oxidation - 

reduction potentials within the profiles studied. 

3. The iron -manganese concretion content and distribution in 

the profiles. 
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II. LITERATURE REVIEW 

Iron Status in Soils 

Transformations of iron under natural conditions may result 

from any of a large number of changes. Not only may there be a 

variety of products formed but the agencies primarily responsible 

for the reactions may be quite different. Some changes have been 

ascribed to a group of organisms called iron bacteria. These forms 

were so called because they caused a precipitation of ferric hydroxide 

and they used the reduced form of iron for their nutrition. Strictly 

chemical changes of inorganic compounds may occur in the absence 

of microbes. Transformations of inorganic compounds may take 

place indirectly as a result of modification of the environment by the 

development of microbes. Decomposition of organic compounds of 

iron may be followed by a similar deposition. Since the reactions of 

oxidation and precipitation are reversible, slight modifications of the 

environmental conditions may favor solution. 

The mobilization of iron in soil profiles has been a subject of 

investigations for many years. The three agents normally considered 

-esponsibie, either singly or together, are (a) humic -acid fractions, 

(b) microbes, and (c) water- soluble compounds from fresh leaf litter. 

Bloomfield in England (1953), De Long and Schnitzer (1955) in Canada, 

and Lossaint (1959) in France have carried out important investigations 
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in this field. All have shown that rainfall leachates and /or aqueous 

extracts of fresh leaves from various species of tree can dissolve 

ferric hydroxide and also prevent its precipitation from solution at 

a pH above 3. De Long and Schnitzer (1955) suggested that the iron 

is in the form of a ferric hydroxide colloid protected by organic 

matter. Lossaint (1959) also considered that the iron is in the form 

of a ferric hydroxide colloid, and that the activity of the extract or 

one leachate is related to acidity, reducing and complexing power, 

and polyphenol content. Bloomfield (1953) was the first to point out 

that the extract reduced a large part of the ferric iron to ferrous and 

to suggest that the active organic constituents were organic acids and 

polyphenols together. Under anaerobic conditions, Bloomfield (1957) 

reported that the divalent iron brought into solution by extract of 

grass and leaves is adsorbed by the clay -iron complex. When oxygen 

penetrates into the soil, this adsorbed divalent iron is oxidized. Once 

oxidized, this trivalent iron can act as adsorbent and thus adsorb 

more divalent iron from the solution. 

McKenzie (1960) presented two possible mechanisms of mobili- 

zation of iron oxides in the A horizons and their precipitation into the 

B horizons of Podzols. Their results indicated that mobilization of 

iron oxides could occur by the formation of complexes with dicar- 

boxylic and tricarboxylic acids present in the water.- soluble fraction 

of freshly deposited organic material. He noted that these complex 
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compounds serve as a source of energy for microorganisms and the 

complexes are decomposed releasing iron in the ferrous form. This 

form of iron is carried to the region of the B horizon. The ferrous 

iron may be oxidized in the B horizon by iron - oxidizing organisms 

or by the process of valence induction according to Bloomfield. 

Kawaguchi and Matsuo (1960) suggested that under natural 

soil conditions, the seasonal peak of the production of mobilizing 

agents is more effective in the mobilization of iron oxide than the 

total amount produced for a year. They proposed that oxides of 

some other elements might have some effect on the extent of mobili- 

zation of iron through (1) sorption of oxalic acid on them, (2) de- 

creasing net concentration of free oxalic acid by combining with it, 

and (3) decomposing oxalic acid. However, they stated that the ratio 

of the amount of mobilizing agent to the amount of iron oxide plays 

the decisive role on the extent of mobilization of iron oxide, regard- 

less of the presence of other oxides. Mandal (1961) reported that 

the reduction of ferric compounds was much more rapid in the pre- 

sence of organic matter. He found that water logging - increased the 

content of insoluble ferrous iron and, with an increase in carbon 

dioxide concentration in the soil solution, ferrous iron entered into 

the exchange complex and in soluble form. Thomas (1964) reported 

that the exchangeable iron is not stable but tends to hydrolyze in clay 

systems. The hydrogen formed dissolves lattice cations at a rate 
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reflecting the ability of the exchange to accept hydrogen ions. Hal- 

vorson (1931) opined that biological activity in conjunction with ex- 

cess moisture in the soil will give rise to ferrous ions even when 

the reaction is neutral. 

Studies on the distribution of iron in the soil profile as related 

with other factors are quite few. From the findings of Winters (1940) 

that iron sols are positively charged, it could be interpreted that 

iron content would parallel the clay content. Simonson et al. (1957) 

found this to be so in well drained soils. Results of Briones and 

Cagauan (1963) also agree favorably with this clay -iron relationship. 

Runge et al. (1960) found that the maximum accumulation of extract- 

able or free iron and clay is associated with the minimum accumula- 

tion of manganese in the somewhat poorly and well drained soil 

profiles. The poorly drained soils do not show an association of 

clay and free iron in the profile. Simonson et al. (1957) suggested 

that the factors which cause mutual occurrence of clay and iron 

maximum concentration in well drained soils are not effective in 

poorly drained soils. 

Manganese Status in Soils 

Manganese is generally considered to exist in soils in one or 

more of the following valence states: (1) divalent manganese which 

is soluble and may be present as an adsorbed cation or as an ion in 
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in the soil solution, (2) trivalent manganese which supposedly exists 

as the reactive oxide, and (3) tetravalent manganese which is gen- 

erally present as an inert oxide in the soils. These various forms 

of manganese are in equilibrium with one another. The status of 

manganese in the soil is governed by moisture, temperature, pH, 

and organic matter. The effects of these factors are reflected 

through their influence on the redox potential and the hydration - 

dehydration of the manganese compounds according to Fujimoto and 

Sherman (1948). Organic matter decomposition also favors the re- 

duction of manganese. The effects of increases in moisture content 

are also seen in the hydration of manganese, resulting in a decrease 

of divalent forms of manganese. Fujimoto and Sherman (1948) and 

Hurwitz (1948) found that the level of exchangeable manganese was 

raised as the temperature is increased. 

It is evident from the results of various workers that the mois- 

ture status is the main physical characteristic of soils which has an 

influence on the availability of manganese. Piper (1939) has shown 

that a period of waterlogging favored the reduction of unavailable 

forms of manganese to the available form. Pearsall (1950) attributed 

this effect to an alteration of the chemical and biological processes 

caused by a scarcity of available oxygen. This type of alteration may 

liberate large amounts of exchangeable cations particularly iron, 

manganese, and aluminum. 
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Fujimoto and Sherman (1945) found that the level of exchange- 

able manganese was decreased when dry soils were moistened to 

approximately their field capacity under non - saturated conditions. 

This type of fixation was also observed by Rich (1955) and Christen- 

sen et al. (1950) to occur only in well drained soils. The extractable 

manganese was increased in soils upon air drying according to Zende 

(1954) and Rich (1955). The former also found that the increase was 

greater in soils that had a higher content of active manganese and a 

pH of less than 6. 3. 

Various possible theories on the mechanisms rendering man- 

ganese non - available have been fully documented in the literature. 

Among the factors which decide the level of availability is the acidity 

of the soil. At high pH values, the formation of various higher oxides 

of manganese would be favored, so that it seemed likely that the 

lower availability of manganese in these conditions in soil was the 

result of the formation of insoluble higher oxides of manganese which 

were assumed to be unable to provide manganese for plants. This 

theory of non - availability was dominant for many years (Fujimoto 

and Sherman, 1948; Mulder, 1952; and Sherman, 1942). 

The implications of the oxide theory of non - availability were 

considered by Erickson (1952) in a theoretical paper. Assuming 

that hydrogen ions cause solution of manganese by their effect on 

Mn(OH)3, Erickson suggested that in freely drained soils most 
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probably 

pMn - 2 pH = O. 

However, Page (1962) found that the above theory is not solely respon- 

sible. His study revealed that the relationship could indicate the 

solution of higher oxides of manganese provided that an electron 

donor is available for the reduction of manganese in accordance with 

the equation 

MnO2 + 4H+ + 2e Mn++ + 2H2O. 

Another cause for the nonavailability of manganese is by the formation 

of complexes with a fraction of the organic matter. This theory can 

be reconciled with the pH relationship as discussed by Page. He sug- 

gested that the formation of complexes is controlled by pH. The 

organic matter responsible for complex formation is not dissociated 

under acid conditions, but is completely dissociated at high pH. First 

evidence for manganese retention by soil organic matter was provided 

by Heintze and Mann (1947). They found that N NH4Ac containing 

0.02 equivalents of various salts per liter extracted more manganese 

from soil than did NH4Ac used alone. The explanations offered for 

their observations were that either cupraammonium ions were parti- 

cularly effective in the recovery of divalent manganese from organic 

soils or that Cu acts as a catalyst in the oxidation of soil organic 

matter and in the reduction of the higher oxides of manganese. 

Page (1962) also mentioned that the formation of oxides causing 
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the nonavailability of manganese is the result of biological activity. 

He suggested that the oxide production by bacteria or fungi might be 

dependent on pH in a more complex manner than production by simple 

inorganic reactions, the pH control being exerted indirectly via the 

metabolism of the organisms. 

Hemstock and Low (1952) presented two plausible possibilities 

for nonavailability by the retention of manganese by clays. The first 

is that manganese enters the clay crystal lattice by proxying for the 

cations in octahedral or tetrahedral positions. The second possibil- 

ity is the entrapment of manganese between the clay plates as have 

been demonstrated for potassium. 

Studies on movement and distribution of manganese are sub- 

stantial. The distribution is related to the above discussed factors 

which influence their status in soils. Leeper (1947) found that a pH 

lower than 5. 5 is favorable for the reduction and movement of man- 

ganese in the soil profile, and a pH greater than 5. 5 is favorable 

for the biological oxidation and precipitation of manganese. Runge 

and de Leon (1960) agree very well with Leeper, that manganese 

movement would occur from areas where the pH is less than 5. 5 and 

accumulation in areas where pH is greater than 5. 5. Manganese is 

oxidized chemically only at a pH of 8. 0 or above. 

Runge and de Leon (1960) reported that manganese distribution_ 

in the soils is influenced by vegetation, drainage and pH. Under 
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prairie vegetation, the reducible manganese is evenly distributed 

with depth in the well drained soils, but with increasing wetness of 

the soil profile, manganese was apparently lost from the A horizon 

and accumulated in the lower part of the B horizon. Relationship of 

manganese contents of soil and mechanical composition has been 

reported by various workers. Randhawa (1961) showed that total 

manganese increased with increasing silt and clay contents of the 

soil and with increasing depth in the profile, whereas water - soluble 

and exchangeable manganese decreased with increasing depths in the 

profile. Karim (1960) also found that manganese decreased with depth 

which was apparently related to a similar decrease in organic matter 

with depth but found no correlation between exchangeable manganese 

and mechanical composition of the soil. In contrast to this, Winters 

(1940) reported that manganese content tends to be lowest where clay 

content is highest. 

Redox Potential 

It is usually stated that the redox potential of soils is deter- 

mined mainly by the degree of aeration. When the potential is 

measured in the field, it is possible to define the aerobic character 

in terms of the potential. Certain microbes are effective in causing 

changes in redox potentials because they consume oxygen and liberate 

reduced products. Quispel (1947) found that addition of carbonaceous 
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material resulted in an increase in carbon dioxide and a correspond- 

ing decrease in oxygen and redox potential. Similarly, the redox 

potential is decreased when oxygen becomes limiting on flooded soils. 

Pearsall (1938) recapitulated the theory of redox potentials in 

his paper and cited references to earlier work. The potential is a 

measure of the voltage produced by the ratio of molar concentration 

of oxidized to reduced states of ions or molecules, and it is assumed 

that they are mostly metallic ions. Several of the metallic ions in 

soils are differentially soluble in the oxidized and reduced states. 

Therefore, the measured potential is a measure of aeration. Robin- 

son (1930) suggested that the solubility of bases, particularly ferrous 

iron and manganese, is increased by high concentration of carbon 

dioxide. Mallock and Young (1940) credited microorganisms as 

causing changes in redox potential. Peech and Batjer (1935) cited 

microbes as indirectly responsible for redox potential changes in 

that their growth is a function of aeration. Their explanation was 

that during the spring the oxygen supply becomes limiting and the 

soil microbes are forced to draw upon oxygen reserves. As the 

ground water recedes, the oxygen supply increases and the reduced 

compounds again become oxidized. They also reported that appreci- 

able reduction did not occur until soil temperature increased to 55°F. 

Bradfield, Batjer and Oskamp (1934) theorized that the lowest poten- 

tial should occur during the spring with a gradual increase to 
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maximum values in late summer or early fall. Further evidence 

that the potential increases directly with aeration is offered by 

Aomine (1961). His presentation of results of experiments on paddy 

soils illustrates the fluctuations occurring under extreme conditions 

of wetting and drying. He reported that with drainage, redox poten- 

tial increased very rapidly. The rate at which drainage raises the 

redox potential depends upon the structure of the soil; soil systems 

of massive and blocky structures are oxidized more slowly than 

granular, porous soils and those with single - grained structures. 

The organic fraction of the soil contributes to the soil redox 

system, particularly under anaerobic conditions. Microorganisms 

produce reduced materials during the decomposition of organic 

matter and these affect the redox potential directly or indirectly by 

reacting with the mineral soil constituents. Pearsall (1938) men- 

tioned that the redox potentials may at times depend on the nature of 

organic matter. Starkey and Wright (1945) observed that the poten- 

tials measured were believed to be due to organic products of micro- 

bial development, modified to some degree by oxygen of the air in 

some cases. They also cited the effect on redox potentials by inter- 

action of electrolytes on colloids. Puri (1938) suggested that the 

redox potential of the soil depends on the cations attached to the 

colloidal particles. From a recent work of Kalpage (1965), he found 

that different levels of fresh organic matter had no effect on redox 
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potential values in a submerged rice field. He observed that cropping 

had a depressing effect on the redox potential of the soil. Kalpage 

attributed this to the oxygen consumption by the roots being greater 

than the oxygen diffusion inward. 

McKenzie (1960) observed that the redox potentials vary with 

time, temperature, moisture, and horizons. Moisture differences 

were caused by variations in rainfall, drainage, and biological utili- 

zation of water. Redox variations which were not associated with 

difference in soil moisture were caused by variations in temperature 

and indirectly by the activity of microorganisms and leaf fall. He 

related the variations in redox potentials with depth to the character 

of the soil horizon and variations of the above variables with depth 

in the profile. Scott (1960) also found that fluctuations in redox 

potential coincided with fluctuations in moisture. He interpreted the 

values to indicate reducing conditions when the soil was saturated 

and oxidizing conditions when the soil was not saturated. Sell - 

Beckman et al. (1963) suggested that the redox conditions that develop 

in a soil are dependent on the nature of the parent material, as well 

as on the water -air regime of the soil. Soils formed on a carbonate 

parent material have a lower oxidation potential than those under 

similar moisture conditions that are not saturated with bases. 

Keaton and Kardos (1940) conclude that the oxidative character 

of the soil is the function of many cornpex interlocking systems. 
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In the presence of more than one redox system, the final redox 

potential of the soil should be of some value which falls within the 

range between the most negative and the most positive redox system 

present in the soil complex. 

Iron -Manganese Concretions 

Iron -manganese concretions occur in many soils. Wheeting 

(1936) reported iron concretions in soils developed from glacial or 

residual material and formed under forest. None were found in soils 

formed under prairie. They were absent in lowland soils with either 

poor drainage or excessive drainage. They occur mostly with re- 

stricted internal drainage but where drainage is downward. Mostly 

the soils are acid in reaction. Winters (1938) reported concretions 

in poorly drained and light colored Illinois soils that developed under 

intensive prolonged weathering. He reported that concretions occur 

in well- drained soils and also prairie soils but they are less than 

1 mm in size and hence, hard to see. Sherman (1954) found concre- 

tions only in soils formed in areas of alternating wet and dry periods. 

Drosdoff (1940) studied only one series, the Dayton soils of Oregon, 

where concretions are predominant. 

The occurrence of concretions within soil profiles has also been 

studied. Wheeting (1936) reported that there was no definite zone of 

accumulation, but concretions were found from 3 to 30 inches. 
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The concretions ranged from 12 to 65 percent of the soil. Winters 

(1938) reported that they were most abundant in the surface, but 

present in virtually all horizons. Drosdoff (1940) found them to be 

mostly within the horizons of 2 to 22 inches with the biggest propor- 

tion in the 6- to 14 -inch range for Dayton soils. 

The physical properties of concretions as reported by the 

aforementioned workers were rounded spheroids with rough surfaces, 

varying in size from 0.05 to 19 mm. Winters (1938) reported that 

they are essentially greater than 10 mm. They were reddish brown 

to black and slightly magnetic. Drosdoff (1940) likewise reported 

essentially the same characteristics with the size range being from 

1 to 15 mm. They tend to be rounded and are light brown to black. 

Sherman (1945) reported no ranges, but stated that the size, density, 

hardness, and magnetic properties were quite variable. 

The chemical properties were also variable. In general, the 

iron content in the concretions was found to be much higher than 

the surrounding soil. Manganese content was considerably higher, 

in some cases as much as 50 times greater, than the surrounding 

soil. The Fe ?03 contents as reported by Wheeting (1936), Winters 

(1938), Drosdoff (1940), and Sherman (1954) are 6 to 10 percent, 

9 to 30 percent, 8 to 25 percent, and 71 to 81 percent, respectively. 

The Mn3O4 content ranged from 0. 5 to 6 percent and 7 to 13 percent 

according to Winters and Drosdoff. 
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Several instances of the formation of ferrugenous concretions 

have been considered and described. Sherman (1954) believed that 

these concretions were formed by accumulation of iron oxide within 

a ferrugenous horizon enriched by water moving laterally through the 

soil or by ascending capillary water. The iron is carried in the 

waters as ferrous iron under very acid and poor oxidizing conditions. 

The iron oxides are first stabilized by oxidation and hydration. Niki- 

foroff (1937) and Tsukunaga (1932) have suggested the possibility of 

mobilization of iron and manganese by colonies of certain iron and 

manganese microorganisms. Thiel (1925) from his experimental 

study on the precipitation of manganese by microbes concludes that 

fungi which precipitate manganese from organic and inorganic salts 

of the metal are present in peat bogs, loamy and manganiferous 

soils. He found also that sulfate- reducing organisms grown under 

anaerobic conditions on solid culture media precipitate brown gran- 

ules of manganese around the colonies and that various types of iron 

bacteria precipitate manganese as rapidly as iron. Smith (1936) 

suggested the possibility of segregation of iron and manganese from 

the solution, due to physical forces operating in the soil during its 

drying. According to his view, the large pores are freed of water 

first in the drying of soil, and consequently the soil material that 

still remains saturated with water is broken into areas separated 

from each other by the drier soil with a more open pore space. 
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As drying of the soil proceeds, the water front of each saturated 

area recedes toward the points inside this area with the smallest 

pore space. This is accompanied by an increase in concentration of 

the dissolved material, such as certain salts of iron and manganese. 

This leads to an uneven distribution of these compounds throughout 

the soil and to an ultimate precipitation and oxidation of them in the 

form of concretions. 

Drosdoff proposed the following hypothesis for the formation of 

concretions in Dayton soils. The soil solution under submerged 

conditions contains a high concentration of ferrous and manganous 

bicarbonates as a result of waterlogging and microbiological action 

on organic matter. As the soil dries, the iron and manganese are 

precipitated and oxidized to the oxides on the surface of the mineral 

grains at the points with the smallest pore space. The nuclei may 

be formed also through precipitation by microorganisms. Once the 

nuclei of ferric oxides and manganese oxides are formed, the con- 

cretions can grow by absorbing and oxidizing the ferrous and man - 

ganous salts at their surface. 



20 

III. MATERIALS AND METHODS 

Soils and Sites 

The five series of the Willamette drainage sequence occupy the 

major portion of the Willamette valley plain. Willamette soils are 

well drained with dark brown silt loam surfaces and brownish silty 

clay loam B horizons. Mottling does not occur within 36 inches of 

the surface. The moderately well drained Woodburn soils are simi- 

lar to Willamette soils but are mottled within 20- inches to 30- inches 

depth, and a weak fragipan is often present in the B horizon. Dayton 

and Concord soils are poorly drained with light colored, silty, mot- 

tled A2 horizons and gleyed B horizons. The dense, clayey, imper- 

meable B horizons of the Dayton soils are generally 15 to 20 inches 

thick. Amity soils are somewhat poorly drained with thick dark silt 

loam surface horizons, A2 horizons, and silty clay loam B horizons. 

Mottling occurs within 20 inches of the surface. A detailed profile 

description of each of the five series is found in Appendix I. 

The locale of the study area is in the main southern segment 

of the Willamette valley, south of Albany and east of the Willamette 

river as shown in Figure 1. The monthly precipitation during the 

study period is presented in Figure 2. Three sites which are typical 

and representative of each of the five soils series of the Willamette 
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drainage sequence were selected. 1 Periodic analyses of the 14 

profiles were made during the 1964 -65 period. One profile of each of 

the five soil series was selected for further analyses in the 1965 -66 

winter period. The selection was made by study of the soil descrip- 

tions and the water -table data to choose the most representative site 

for each series. 

Field Procedures 

Samples from the main soil horizons of the study sites were 

taken periodically from October 1964 to June 1965 for ferrous iron 

determinations. Solutions of 0.2% AlC13 contained in nursing bottles 

were brought to the field where about ten grams of freshly sampled 

soils were kept in the dark until taken to the laboratory for analyses. 

During the summer of 1965, samples were collected from a 

representative profile of each series and analyses for free and total 

iron and manganese, organic matter, pH, and concretions were made. 

From November 1965 until May 1966, the study of ferrous iron was 

continued on one representative profile of each of the series. Addi- 

tional depths were sampled to represent the mid points of each 

1 
A detailed record of water tables and related data of these sites 
was made concurrently with this study for a trafficability study 
sponsored by the I. S. Army Corps of Engineers, Waterways 
Experiment Station and conducted by the Soils Department, 
Oregon State University. 
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horizon. In addition, redox potential measurements were made as 

another means of evaluating the seasonal changes in soil conditions. 

Platinum electrodes were installed in each of the five sites at 12, 

24, 36, and 48 inch depths for redox potential measurements. The 

basic design of the platinum electrode was patterned after the one 

described by Quispel (1947). 

An iron rod of the same diameter as the tube of the electrode 

was first put into the soil and the electrode was then inserted in the 

hole thus produced. Then the electrode was pushed 1 cm farther 

into the soil to establish a good contact. The soil surrounding the 

electrode was lightly pressed against it to prevent diffusion of oxygen 

between the glass of the electrode and the soil particles. The redox 

potential was measured using a model G pH meter against a saturated 

calomel electrode. The calomel electrode was pushed 1 cm into the 

soil surface that was first moistened with saturated potassium chlor- 

ide. 

The redox potentials were computed from measurements of 

electromotive force (EMF) of a complete cell by means of the poten- 

tiometric circuit as described by Scott (1963). The complete cell 

used consisted of a calomel half cell and a platinum half cell. The 

EMF of the cell is measured on the potentiometer and is composed 

of the algebraic sum of the potentials (E) of the cells. 

Emeasured Ecalomel + Eplatinum 
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The Ecal is known and has value of -0. 242 volt for a saturated 

KC1 -Cal electrode. This is the standard potential. The platinum 

(Pt) electrode is sensitive to two sets of conditions; the concentration 

of the hydrogen ions and the concentration of oxidized and reduced 

states of ion species in solution, thus 

EPt = EPt(H 
+ 

) + EPt(ox réd) 

The measured potential of the cell then becomes 

+ ox 
Emeas Ecal +E Pt(H ) + EPt(red) 

In the above equation the potential of the calomel half cell is known 

and the potential of the platinum cell due to the hydrogen ion concen- 

tration can be calculated if the pH is measured. Therefore, the only 

unknown is the potential developed at the platinum electrode due to 

the ratio of the concentration of oxidized and reduced states of ion 

species in the soil. This latter potential is the redox potential (Eh). 

By substituting known values and the symbol Eh, the equation for 

E becomes meas 

-0. 242v + Eh + 0. 0591 pH Emeas 

Solving for Eh the equation becomes 

E. _ E + 242 mv _ 59. 1 pH 
h meas 

- 
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Free Iron 
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The method used by the Soil Survey laboratories of the U.S.D.A. 

for routine determinations of free iron oxides (Kilmer, 1960) was 

employed. Two grams of 80 -mesh soil sample were weighed out into 

an 8 -oz. nursing bottle. Two grams of sodium dithionite and 20 

grams of sodium citrate were added. Distilled water was then added 

to the 4 -oz. mark and was shaken overnight in a reciprocating shaker. 

Five drops of "superfloc" solution was then added and made up to an 

8 -oz. volume. The latter solution was shaken vigorously for about 

15 seconds and allowed to settle. A 0. l -ml aliquot was pipetted out 

into a 50 -ml volumetric flask and was diluted to about 20 -ml volume 

with distilled water. A pinch of sodium dithionite and sodium citrate 

and 0. 5 ml of 0.25 percent ortho -phenanthroline were added to de- 

velop the reddish iron -orthophenanthroline complex color. The 

percent transmittancy was read one hour after color development 

with a 508 mp. filter and Beckman spectrophotometer. 

Ferrous Iron 

Ferrous iron content of the soil was colorimetrically deter- 

mined according to the a -a dipyridyl method presented by Iri et al. 

(1957). Fresh soil sample in 0.2 percent A1C13 was shaken for 
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one hour and allowed to stand overnight. A 5 -ml aliquot was pipetted 

into a 25 -ml volumetric flask and 2.5 ml of 0.2 percent a -u dipyridyl 

solution was added and then made to volume with distilled water. 

Transmittance was read after color development with a 515 mµ filter 

and a Beckman spectrophotometer. After determination of the fer- 

rous iron content, the soil was transferred into a weighed drying 

beaker, evaporated to dryness and oven dry weight was determined. 

Free Manganese 

A modified method by Kilmer (1960) was employed. Free man- 

ganese was extracted with sodium dithionite and determined by per- 

manganate colorimetry. A 2 -gm 80 -mesh soil sample was weighed 

into an 8 -oz. nursing bottle and 2 gm of sodium dithionite was added. 

It was brought to the 100 -ml mark with distilled water after which it 

was shaken overnight. Upon completion of the shaking period, the 

pH of the solution was adjusted to 3. 5 to 4. 0 with 10 percent HC1, 

and let stand for an hour. It was then diluted to 200 ml with distilled 

water, mixed and a portion of the suspension was filtered. A 10 -ml 

aliquot was transferred into a 150 -ml beaker and 5 ml of 30 percent 

H2O2 was added. The latter solution was digested and evaporated 

to dryness, cooled and then another 2 ml of H2O2 and 3 ml of HNO3 

added. This latter step allowed for more complete destruction of 

organic matter. After evaporation, the resulting residue was 
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brought into solution with 10 ml of 85 percent H3PO4 and heated to 

boiling. It was allowed to cool after which 10 ml of water and 0.2 gm 

of Na2IO4 were added. Then the solution was heated to develop per- 

manganate complex color. It was again cooled and 30 ml of purified 

water diluent (prepared by adding 100 ml of 85 percent H3PO4 and 

1 gm of Na2IO4 to 1000 ml of water and digested for an hour) and 

0. 1 gm Na2IO4 were added, and the solution was digested for 40 

minutes to insure full color development. The solution was then 

transferred into a 50 -ml volumetric flask and made to volume with 

the diluent. Transmittance was determined with a Beckman spectro- 

photometer using 540 mkt., light. 

Concretions 

Separation of concretions was accomplished by soaking a 

100 -gm sample for one hour and wet sieving using an 80 -mesh sieve. 

The non - concretion forms were discarded. Concretions that re- 

mained in the sieve were then oven dried and weighed. 

Organic Matter 

Organic matter was determined by the Walkley and Black 

method as described by Alban and Kellogg (1959). A 1 -gm 

sample was placed in a 500 -ml Erlenmeyer flask and. 10 ml 

of 1 N K2Cr2O7 plus 20 ml H2SO4 added. The sample was 
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then mixed and cooled. It was diluted to 150 ml with water, 

10 ml H3PO4 added, and titrated with 0.4 N Fe(NH4)2(SO4)2 using 

six drops of ferroin indicator. 
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IV. RESULTS 

Profile Distribution of Free Iron and Manganese 

During the summer of 1965, samples were obtained from one 

representative profile of each of the five soil series of the Willamette 

drainage sequence. Results of chemical analyses for free iron and 

free manganese are presented in Tables 1 and 2. 

Table 1 shows that the poorly drained soils have a lower content 

in free iron in the upper horizons than the associated better drained 

soils. The upper horizons of the Dayton, Concord, and Amity are 

lowest with values ranging from 0.91 percent to 1.43 percent Fe2O3 

while Woodburn and Willamette have values that ranged from 1.77 to 

1.94 percent Fe2O3. Poor drainage evidently favors the reduction 

and mobility of iron and consequently results in its movement out of 

the upper portion of the solum. From Figure 3, it appears that there 

was no maximum accumulation horizon within the sola of the poorly 

drained soils. However, it is apparent that retention started at the 

B2 horizon. Free iron contents in the better drained Willamette and 

Woodburn soils also show some increase with depth but no apparent 

maximum accumulation in the B2 horizon. 

In general, the poorly drained soils followed similar patterns 

of iron distribution in the soil profile. Similarly, a uniform trend 

was noted with the better drained ones. The major difference in 
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Table 1. Free Fe content of representative profiles of the five 
series under study. (Average of two replicate 
determinations) 

Horizon % Fe2O3 Horizon % Fe2O3 

Dayton (237) Woodburn (240) 

Ap 0.97 Ap 1.89 

A2 1.08 Al2 1.94 

B21 1.86 B1 1.94 

331 1.94 B2 2.06 

Cl 2.26 B3 2.26 

Concord (238) Willamette (236) 

Ap 1.23 Ap 1.77 

A21 1.43 Al2 1.94 

A22 1.43 B1 1.77 

B21 1.92 B21 2.06 

B3 1.92 B3 2.35 

Amity (233) 

Ap 1.11 

Al2 1.26 

A2 1.11 

B2 1.89 

B3 2.00 



32 

Table 2. Free Mn content of representative profiles of the five 
series under study. (Average of two replicate 
determinations) 

Horizon % Mn x 102 Horizon % Mn x 102 

Dayton (237) Woodburn (240) 

Ap 4.8 Ap 3.5 

A2 3.5 A 12 3.8 

B21 2. 6 B1 3.3 

1331 2.8 B2 2.8 

Cl 2.9 B3 2.8 

Concord (238) Willamette (236) 

Ap 3.6 Ap 3.4 

A21 3.1 Al2 3.9 

A22 3.3 B1 3.5 

B21 2.8 B21 3.4 

B3 3.0 B3 3.6 

Amity (233) 

Ap 2.5 
Al2 2.2 

A2 4.6 

B2 3.5 

B3 3.0 
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free iron distribution between the poorly drained and the better 

drained soils is the lower content in the upper horizons of the former. 

Free iron content of the lower horizons of the five soils is quite uni- 

form in contrast to the upper layers. 

The profile distribution of manganese in comparison with the 

free iron data is shown in Figure 3. Unlike their free iron distribu- 

tion, the more poorly drained soils did not show a similar profile 

distribution of manganese contents. The Dayton soil series was 

found to have the highest manganese content in the surface horizon, 

whereas the Amity soils have highest values in the A2 horizon. The 

better drained Woodburn and Willamette soils, however, showed 

similar patterns of profile distribution of manganese. These soils 

have a zone of accumulation in the lower A horizon. 

Ferrous Iron Seasonal Changes 

1964 -1965 Study 

This investigation was made primarily to follow the changes in 

ferrous iron content of the five associated soil series with changes in 

moisture conditions. Field samples from the 14 selected sites were 

taken periodically from October through June and ferrous iron content 

was determined. 

The values obtained from the 14 sites are appended (Table 1, 



36 

Appendix II) and data from a representative profile of each series 

are plotted in Figures 5a -5e. A great variation in ferrous iron 

values obtained from the soil profiles tested is very apparent. Dur- 

ing the winter months where reducing conditions were presumably 

most favorable, a greater magnitude of iron was solubilized in the 

poorly drained soils than in the better drained ones. The poorly 

drained Concord and Dayton soils show a change of approximately 

300 ppm while a change of around 20 to 40 ppm was observed for 

the moderately and better drained soils. The abrupt changes and 

magnitude of differences in ferrous iron values are indicative of 

the degree and extent of reduction processes going on. These maxi- 

mum changes were observed towards the latter part of winter season 

where suitable conditions for the solution of metallic ions were most 

prevalent. It is to be noted also that the water table level was at 

its highest during the latter part of winter. The largest increase 

was in the top horizons and with increasing depth, the increase 

became smaller. 

The effect of moisture status on the oxidation- reduction pro- 

cesses in the soil system has been previously established. This is 

further substantiated by the results of the ferrous iron study as 

depicted in Figures 5a -5e. A general tendency of increasing ferrous 

iron contents from dry season to wet season was observed. All the 

soils tested showed lowest contents during the driest sampling 
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period which was in the month of June. 

The three sampling sites within a series showed a marked 

variation in seasonal changes of ferrous iron contents. This phenom- 

enon may reflect a range in their physico - chemical properties and 

the kind and activities of the inhabiting living soil populace. 

1965 -1966 Study 

The detailed results of this study are given in Table 2 of 

Appendix II. Data from the main horizons of representative profiles 

of each series are plotted in Figure 6a -6e. The general pattern of 

changes in ferrous iron concentration is similar to the 1964 -1965 

study. However, there was an indication that the seasonal peak was 

at a somewhat earlier time in the better drained soils compared to 

the poorly drained soils. This was not apparent in the year before. 

Redox Potential (Eh) Measurements 

Redox potentials were determined at weekly intervals during 

the early part of spring with a final reading during the later part. 

The duration of the measurements, although limited, represents 

both wet and dry conditions of the soils tested. The results obtained 

are shown in Figure 7. The values obtained showed the lower redox 

potential values of the poorly drained soils compared to the better 

drained ones. The lowest horizons in all cases have higher values 



FEBRUARY 

Ferrous iron content 
water table levels, 

( N
I) 

318V
12il31V

M
 JO

 Iald34 
8 

w
eld '+

a 
jO

 
N

O
I1V

211N
30N

O
0 

43 

_ -- 
404. 

g
 

$
 

I
 

I
 

I
 

Y
 

2 

cc 
a <

 

W
 

Q
1
 

i 



seasonal water table levels, 

44 

w
dd't 3 

30 
N

O
I1V

81N
3D

N
O

J 

(N
I) 

318V
12131V

M
 30 H

1d30 



70- 

50- 

GROUND SURFACE_ 
-10 

\ \ \\ -1 Z 

-.120 W 

o-a" /° á l- 
b-SS ¢ // is, 2 

N. \` & i5----i7 Q 3" 
15 al . \\ aÓ 3S_ _ - 

® \ 
o 

. 

NOVEM BER DECEMBER JANUARY FEBRUARY MARCH 

:55 -w 
I 60 

APRIL MAY 

Figure 6c. Ferrous iron content of Amity soil (33) and 
seasonal water table levels, 1965 -1966. 



FEBRUARY DECEM BER NOVEMBER 

Ferrous iron content of Woodburn soil 
seasonal water table levels, 1965 -1966. 

(N
I) 

318V
12l31V

M
 JO

 H
ld3fl 

o 
+

ßi 

T
-- 

t 

b 
b 

b 
ó 

ó 
to 

ro 
w

dd' áj j0 N
O

I1V
2i1N

30N
O

D
 

Q
 

J Q
 

46 

iß 

714 

o
 

z
 

O
 

¢ 

i
 

o
 

ry 



70- 

60- 

SO- 

40- 

30- 

2 

_GROUND SURFACE___,_ 

10- 

Figure 6e. Ferrous iron content of Willamette soil (36) 
and seasonal water table levels, 1965 -1966. 

1 

32-45 ' 

..2. 
/ , i O 

..... ... 

' iiP_/ \6-24 ir.....---------32_4 

0 I 

NOVEMBER 

45 53fi i 
DECEMBER JANUARY FEBRUARY MARCH APRI L MAY 



MARCH APRIL MAY 

48 

MARCH APRIL MAY 

Figure 7. Redox potential of the five soil series under 
study with time (March to May, 1966). 



49 

except for the best drained Willamette soils. 

The Eh values of the Dayton soil did not show a great variation 

during the first three weeks of study. The B2 horizon was found to 

have the lowest and the B3 layer the highest in Eh values, being 

-300 mv and +350 mv, respectively. During the later part of the 

study, the effects of changing environmental factors became apparent. 

The upper horizons increased markedly in Eh values, but a marked 

change at the lower horizons was not observed. This trend could 

be attributed to some extent to aeration and temperature effects 

which favored oxidation processes in the upper horizons. The lower 

horizons were consistently more oxidized. 

Observations gathered from the Concord soil showed different 

trends. During the first two weeks of study, conditions in the B2 

horizon were not as reduced as compared to the A horizon. A re- 

verse pattern between these two horizons was noted during the weeks 

that followed in the early part of April. High Eh values in the A 

horizons were obtained with lower values in their underlying layers. 

The magnitude of the values range from -25 mv to 1400 mv. 

Consistently positive values in the B3 and. C horizons of Amity 

soils were observed throughout the season. During the first four 

weeks, the B2 horizon showed the lowest Eh values as compared to 

the other depths. As the water table receded, there was an increas- 

ing tendency of positive Eh values in ail the horizons tested, a trend 
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similar to that of the poorly drained Dayton and Concord soils. The 

Eh values obtained are the order of -275 mv to +475 mv. 

It is interesting to note particularly, the redox characteristic 

of the Willamette soils. Data as plotted in Figure 7 show no marked 

difference among the sampling depths and with time after the first 

reading was made. Values were nearly all well above +300 mv, 

indicative of a well drained soil condition. 

The Woodburn soils which are considered to be moderately 

well drained have Eh values quite different than the well drained 

Willamette soils. Values of -300 to -350 mv that were obtained in 

the B horizon suggest a more reducing condition in this layer than 

in any other portion of the solum. This indicates the interplay of 

other factors beside soil submergence to have been responsible in 

these rather low Eh values. In a one week period between April 6th 

and 14th, redox potentials in the A horizon of Woodburn changed 

from near neutral to highly positive. In contrast, the lower horizons 

did not exhibit as much change as compared with the upper layers 

with respect to time. It is to be noted that the time period for com- 

parison is limited due to the loss of the Woodburn study site after 

the third week. 
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Iron and Manganese Concretions 

The results of separation of concretions from the whole soil 

are shown in Table 3. There are marked differences in concretion 

content among the five series and with depth. Concord soils con- 

tained the highest content with a mean profile value of 6. 8 percent 

by weight. This is twice as much as the Dayton soils with a mean 

profile content of 3.4 percent. The concretions of the Concord soils 

were almost equally distributed throughout the upper 25 -inch zone 

while only at the upper 12 -inch layer of the Dayton soils. The some- 

what poorly drained Amity soils and the better drained Woodburn and 

Willamette soils have much lower concretion contents than the poorly 

drained soils. There was a consistent decrease in concretion con- 

tents with better natural drainage for the Amity- Woodburn - Willamette 

sequence. Maximum values of 1.96 percent, 1.48 percent, and O. 70 

percent were found respectively in the upper horizons of these soils. 

In all cases, the amounts of concretions in the layers under- 

lying the B2 horizon seem to be of little consequence. Values mostly 

of only hundredths of a percent were obtained. This suggests that 

conditions favoring mobilization and precipitation of the elements 

responsible in the formation of these concretions occurred primarily 

above the B2 horizon. 

The observed physical properties of these concretions were 
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Table 3. Concretion content of representative profiles of 
the Willamette drainage sequence. 

Horizon % Concretion Horizon % Concretion 

Dayton (37) Woodburn (40) 

Ap 8.30 Ap 1.36 

A2 7.85 Al2 1.48 

B21 0.73 B1 1.47 

B31 0.58 B2 0.24 

Cl 0.01 B3 0.05 

Concord (38) Willamette (36) 

Ap 11.80 Ap 0.70 

A21 10.69 Al2 0.37 

A22 9.62 B1 0.43 

B21 1.69 B21 0.04 

B3 0.45 B3 0.01 

Amity (33) 

Ap 1.62 

Al2 1.89 

A2 1.96 

B2 0.16 

B3 0. 03 
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rounded spheroids with rough surfaces and with size quite variable. 

The poorly drained Dayton and Concord soils had the larger -sized 

concretions, They are mostly found in the upper layers. Chemical 

analyses to investigate the free iron and manganese contents of these 

separates were performed. Table 4 shows that 0.77 percent to 1. 11 

percent of this material is free manganese and 7. 02 percent to 9. 62 

percent is free iron. 

Table 4. Free iron and free manganese contents of the concretions 
of the soils studied. 

Soil Series 
Dayton 

(37) 
Concord 

(38) 
Amity 

(33) 
Woodburn Willa - 

(40) mette(36) 

Free iron 

Free manganese 

9.62 

0. 81 

8.11 

0.77 

9.17 

1.11 

7.02 

0.77 

9.04 

1.15 
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DISCUSSION AND CONCLUSIONS 

Soils comprising series of a drainage sequence should unequi- 

vocably present various differences in their "bio- physico- chemical" 

characteristics. Results of this study gathered from the soils vary- 

ing in drainage properties substantiate this contention. 

Differences in Free Iron and Free Manganese 
Profile Distribution 

Studies on iron and manganese status and behavior in soils are 

numerous. Improper definition of the forms of these elements in- 

cluded in the term "free iron" and "free manganese" would lead to 

misinterpretations of what they represent. The terms as being fre- 

quently mentioned in this paper represent "sodium -dithionite- citrate" 

and "sodium- dithionite" extractable ions or compounds, respectively. 

The values include the very soluble, the exchangeable, and readily 

reducible forms of these elements. The profile distribution of these 

forms of iron and manganese were studied during the dry season of 

1965. 

Free Iron 

The observed results showed a distinct difference in iron dis- 

tribution between the Door and well drained soils that were studied. 

The poorly drained soils were found to contain less free Fe in their 
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surface horizons compared to the well drained soils. This relation- 

ship is interpreted here to reflect the long -time influence of the 

natural drainage conditions of the soil. The waterlogged condition 

of the poorly drained soils during the winter season evidently favors 

the reduction of iron and consequently increase its mobility. This 

condition has resulted in the movement of reduced iron out of the 

upper horizons of the soil profile. The data do not show evidence of 

accumulation in lower horizons. Analyses of the deeper C horizons 

would have been more conclusive. However, the appearance of the 

lowest horizons sampled is quite similar to that of the substrata with 

no morphological suggestion of iron accumulation. 

The differences in the content and profile distribution of free 

iron in the five series of the drainage sequence tested might be attri- 

buted to the interplay of several factors either acting singly or in 

combination. At least seven factors are concerned in the distribution 

of iron, namely a) weathering of minerals and decomposition of or- 

ganic matter to liberate ferrous iron, b) downward movement of 

ferrous iron in drainage water, c) equilibrium between ferrous iron 

in solution and as an exchangeable cation attached to negative colloids, 

organic or inorganic, d) uptake of ferrous iron by oxygen to form 

higher oxides, e) reduction of ferric to ferrous oxide by organic 

matter or by anaerobic bacteria, f) direct absorption of ferrous iron 

by plants or microorganisms, g) original differences between 



56 

depositional layers. 

In all the soils tested, highest values of free iron were noted in 

the lower horizons; this can be interpreted to indicate a substantial 

removal of the solubilized iron from the upper layers. This observa- 

tion is more pronounced in the poorly drained soils than in the better 

drained ones (Figure 8). It is possible that stratification of deposi- 

tional layers account for an original lower Fe content in the upper 

horizons. Parsons and Balster (1967) noted that this is true in Dayton 

soils. The clay content (Table 3, Appendix II) showed a significant 

positive correlation (r = +0. 58) with free iron content. The free iron 

contents tend to be higher with higher clay component. This finding 

concurs with the hypothesis of Winters (1944) that iron sols are posi- 

tively charged thereby absorbed easily by the negatively charged clay 

fractions. 

The calculated value of the correlation coefficient between free 

iron and organic matter content (Table 4, Appendix II) (r = -0.33) 

indicates that there is no significant relationship between these two 

constituents. However, the negative correlation coefficient value 

still suggests that free iron content decreases with increasing organic 

matter. This relationship is more apparent with the poorly drained 

soils than with the better drained soils as shown by the marked differ- 

ence in free iron content between the upper and the lower horizons. 

Organic matter normally decrease with depth, a trend which is also 

demonstrated by the results obtained (Table 3, Appendix II). The 

effect of organic matter would accrue from the resulting decomposition 
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Figure 8. Comparison of the distribution and content of free Fe 
in soil profiles of the Willamette drainage sequence. 
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products such as organic acids and CO2 upon the action of microbial 

entities. These products have, no doubt, solubilizing effects on the 

insoluble form of iron. 

Free Manganese 

It is very likely that the factors mentioned which affect iron dis- 

tribution apply to manganese distribution. However, the mechanism 

of manganese movement as influenced by these factors is not necessar- 

ily the same. The solubilizing effects of the decomposition products 

of organic matter and excessive wetness would be predictably similar 

in their roles on manganese and on iron distribution. However, the 

parallelism observed between clay content and iron content was not 

found with clay and manganese contents. It was noted that horizons 

with higher clay content often had lower free manganese concentration. 

Manganese sols are negatively charged, hence they are not adsorbed 

on the clay surfaces. This contention is substantiated with the results 

of free manganese analyses which were found to have a significant 

negative correlation with clay content, the value being r = -0. 78. 

Seasonal Changes in Ferrous Iron 

One of the most important chemical changes that takes place 

when a soil is waterlogged is the reduction of iron and the accom- 

panying increase in its solubility. As the reduced condition sets in, 

the activities of anaerobes will predominate utilizing inactive iron 

oxides along with oxides of other elements as hydrogen acceptors 
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needed in their respiration process. 

The results reflect to a marked degree the water table effects 

during the wet season on ferrous iron content of the soils tested. 

Waterlogging conditions in some of the poorly drained soils during 

the winter months resulted in considerably increased ferrous iron 

contents. There was a sharp rise in ferrous iron during the onset 

of winter season, the amount of which gradually decreased during 

the spring and the summer months. 

It is known that the form of iron changes from ferric state to 

ferrous state in accordance with the development of reducing condi- 

tions. One of the factors causing the reduced state of the soil is the 

activity of various kinds of bacteria consuming oxygen contained in 

water, soil, and oxides. The data of this study indicate more reduc- 

tion took place in the upper layers of all the soils studied as compared 

to their lower horizons. This condition is to be expected because 

oxidizable materials and microbial activity are much greater in the 

upper horizons. Reduction products from microbial decomposition 

of organic matter are most abundant in the top layers. Various 

organic acids produced in the process of anaerobic fermentation 

might have dissolved insoluble ferric compounds in soils to form 

water - soluble complex compounds or ferric chelates. Various 

reducing substances produced in the same process were probably 

able to reduce water -soluble ferric compounds to ferrous iron. 
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The rather slight change of ferrous iron content in the lower horizons 

of the soil profile suggests that iron reduction is mostly microbial in 

nature rather than chemical. 

The abrupt decreases in ferrous iron content during the driest 

months is probably associated with better aeration and certain bio- 

chemical changes in the soil. As the water table recedes towards 

the spring season, ferrous hydroxides would tend to be oxidized to 

less soluble ferric forms as oxygen starts to diffuse into the soil. 

This decrease of ferrous iron content corresponds to an increase 

in redox potential values in the soil. 

Redox Potential 

The decrease in redox potential is one of the most important 

electro- chemical changes accompanying reduction in the soil. The 

course of Eh changes is determined by several factors, namely: 

initial potential, temperature, organic matter content, and nature 

and content of electron acceptors present in the soil. Not all of these 

factors were studied together with the measurement of Eh values. 

However, the interesting pattern of Eh variation with seasonal water 

table occurrence and different soil drainage classes merits some 

elucidation. 

The potentials measured reflect the drainage conditions to a 

marked degree. The well drained soils show much higher potentials 
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which vary less with season than those of the poorly drained soils. 

The Eh curves for the poorly drained Dayton soil bring out 

clearly the reduced conditions of this soil. The small difference 

in values in the subsoil during the first through the fourth measure- 

ments suggests a seasonally stable reduced condition in this soil. 

The decreasing concentration of ferrous iron during this period 

indicates the possibility of other stabilizing factors. The high Eh 

values correspond with the low ferrous iron content in the lower 

horizons. This observation indicates a possible better aeration 

below the clay layer with its perched water table. 

The redox potential of the well drained Willamette soils re- 

mained high with comparatively minor changes during the study 

period. The high values suggest a well oxidized condition of the 

soil. It should be mentioned here that no water table was present 

above the lowest electrode in the Willamette profile during the period 

of measurement. The slight variations indicate a stable redox sys- 

tem of the well drained soil. 

The soils intermediate in natural drainage between Dayton and 

Willamette have generally intermediate Eh values with more varia- 

tion within the profile and with time. Marked differences in Eh values 

were observed between the morphologically similar Concord and 

Dayton soils. The same trend was noted between the closely associ- 

ated Woodburn and Willamette soils. This observation indicates 
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that the redox potentials of similar soils are not necessarily the 

same and that accumulating reduced products could also be of differ- 

ent kinds. Amity soils which are classified as intermediate with 

respect to drainage class appear to be intermediate also in their 

redox potential. 

The curves presented in Figure 7 bring out some striking dif- 

ferences between potentials of soils of different drainage classes. 

First, the slight seasonal increase in potential values in the well 

drained Willamette soils is relatively insignificant but there is a 

rather great change in values for the poorly drained Dayton soils. 

Secondly, the sharp minimum in redox potential values noted in the 

poorly drained soils is absent in the better drained soils. Thirdly, 

the potentials generally are higher in the well drained soils. 

Iron -Manganese Concretions 

Iron -manganese concretions seem to be present in the 

profiles of all the soils of the Willamette drainage sequence. There 

are great differences, however, in the relative abundance and size 

of concretions, not only between soils of different drainage classes, 

but also between the several horizons of the same profile. 

The data presented in Table 3 show an uneven distribution of 

concretions between the horizons of the soil profiles. The poorly 

drained soils contained more abundant and larger concretions 
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compared to the well drained soils. Formation of iron- manganese- 

like concretions is a frequently observed feature of poorly drained 

soils which are subject to seasonal waterlogging. These soils are 

typically characterized by the strong development of gley, or colors 

associated with reduced iron. This phenomenon is non -existent in 

the well drained soils. Some of the iron in these soils during gley 

formation is thought to be in the ferrous form, whereas the iron in 

the concretions is undoubtedly ferric. Local biochemical oxidation 

of the reduced forms of iron and manganese compounds into less 

soluble ferric and manganic compounds may cause their fixation in 

the form of concretions. The greater content of concretions in the 

poorly drained Dayton and Concord soils as compared to similar 

horizons of the better drained Woodburn and Willamette soils is in 

agreement with the general observation that poor drainage is associ- 

ated with greater abundance of concretions. 

Free iron and free manganese constituents of the iron - 

manganese concretions were analyzed. There was no marked dif- 

ference in composition regardless of horizon and drainage class. 

The percentage of free iron is much higher than free manganese. 

This trend suggests that these concretions are largely ferrugenous 

in nature, although this may not necessarily be true. Further studies 

should be undertaken to establish the true nature of these concretions. 

Furthermore, the mechanism of formation also needs investigation. 
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VI. SUMMARY 

Studies on the differences in soils that are related to their 

natural drainage conditions revealed that soil wetness greatly influ- 

enced free iron and free manganese distribution in the soil profile. 

The poorly drained soils which were waterlogged during the winter 

season were found to contain less free iron in their upper layers than 

the well drained soils. A trend of increasing free iron with increase 

in depth of the soil profile was observed. No pronounced pattern was 

followed by free manganese distribution. In general, free manganese 

decreased with depth, in contrast to free iron. 

The influence of seasonal moisture status on the ferrous iron 

content and redox potential were also studied. High water tables in 

the poorly drained soils seemed to have favored gley formation, an 

increase in ferrous iron content and a reduction in redox potentials. 

The well drained soils had higher redox potential values and lower 

ferrous iron content. 

Iron- manganese concretion profile distribution and their free 

iron and manganese contents were also determined. The poorly 

drained soils showed a greater abundance of these concretions, 

largely concentrated in the upper horizons, and of larger size than 

in the better drained soils. Chemical analyses showed that the con- 

cretions had much higher free iron than free manganese content. 
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Dayton Series (37) 

Horizon Depth (in.) 

Ap 0 - 8 

A2 8 - 13 

B21tg 13 - 23 

B22tg 23 - 31 

B31t 31 - 39 
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APPENDIX I 

Profile Descriptions 

Description 

Dark gray, (10YR 4/1.2) silt loam; light gray (10YR 6/1) dry; weak 
coarse granular structure; slightly hard, friable, slightly sticky and 
slightly plastic; abundant medium iron- manganese concretions; 
common fine dark brown (10YR 3/3) mottles; abundant roots, common 
medium and many fine pores; abrupt smooth boundary. 

Grayish brown (2.5Y 5/1.6) silt loam; light gray (10YR 7/1) dry; 

moderate medium subangular blocky structure; slightly hard, friable, 
slightly sticky and slightly plastic; abundant large and medium iron - 
manganese concretions; common fine distinct brown (10YR 4/3) 
mottles; many fine and medium pores; abundant large roots; abrupt 
wavy boundary. 

Dark grayish brown to dark gray (4Y 4/1, 4) clay or silty clay; mas- 
sive when wet to moderate coarse prismatic breaking to weak coarse 
blocky structure; very hard, very firm, very sticky and very plastic; 
common gray silt coatings on ped surfaces in upper part; few patchy 
clay films on peds; few root; common fine iron- manganese concre- 
tions; gradual wavy boundary. 

Olive gray (5Y 5/2) clay; weak coarse prismatic breaking to weak 
coarse blocky structure; very hard, very firm, very sticky, and very 
plastic; moderate patchy clay films on peds; common fine and few 
medium iron-manganese concre .o_ -s; few roots; few medium and 
common fine olive (2. SY 5/4) mottles; clear smooth boundary. 

Olive brown (2. SY 4/3) heavy silty clay loam; moderate coarse 
prismatic breaking to weak coarse blocky structure; hard, firm, 
sticky and plastic; moderate continuous dark grayish brown (2.5Y 
4/2) clay films on prism faces and some peds and pores; many fine 
iron- manganese concretions; common medium and many fine pores; 
common fine faint (2. 5Y 4/3 and 5/2) mottles; few roots; gradual 
smooth boundary. 

B32 39 - SO Brown (1Y 4/3) silty clay loam; weak coarse prismatic structure; 
friable, sticky and plastic; few thin and patchy clay films on prism 
faces and in pores; many fine pores; many fine iron-manganese con- 
cetions; common fine faint brown and gayer mottles; gradual 
wavy boundary. 

C 50 - 60+ Brown (10YR 4/3) fine silt loam; massive stuct'.ire; friable, sticky 
and plastic; many fine pores; common fine iron- manganese concre- 
tions; common fine fair' dark brown (10YR 3/4) monies and few 
medium grayish brown (2. 5Y 5/2) mottles. 

and 



Concord Series (38) 

Horizon Depth (in.) Description 
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Ap 0 - 7 Dark grayish brown (10YR 3.6/2) silt loam; light grayish brown (10YR 

6/1.6) dry; weak medium granular structure; slightly hard, friable, 
slightly sticky and slightly plastic; common fine pores; abundant fine 
roots; many medium and few large iron- manganese concretions; 
common fine distinct yellowish brown (10YR 5/6) mottles; abrupt 
wavy boundary. 

A21 7 - 15 Grayish brown (1Y 4.6/2) silt loam; light grayish brown (1Y 6. 4/2) 
dry; weak to moderate fine subangular blocky structure; slightly hard, 
friable, slightly sticky and slightly plastic; many medium and com- 
mon fine pores; abundant fine roots; many medium and few large 
iron- manganese concretions; common fine and medium distinct dark 
yellowish brown (10YR 3/4) and yellowish brown (10YR 5/4) mottles; 
clear smooth boundary. 

A22 15 - 22 Grayish brown (2. 5Y 5/1.6) silt loam; light gray (2. 5Y 7/1) dry; 

weak to moderate medium subangular blocky structure; slightly hard, 
friable, sticky and plastic; many medium pores; common roots; many 
medium and few large iron- manganese concretions; common to many 
fine and medium distinct yellowish brown mottles; clear smooth 
boundary. 

Bi 22 - 25 Grayish brown (2. 5Y 5/1. 6) silty clay loam; light gray (2. 5Y 7/1) 
dry; strong medium subangular blocky structure; slightly hard, friable, 
sticky and plastic; common medium and fine pores; few roots; 
abundant large and medium distinct yellowish brown (10YR 5/6) 
mottles; clear wavy boundary. 

B2tg 25 - 33 Olive gray (4Y 4/2) silty clay; (5Y 5/2) interiors; weak coarse pris- 
matic breaking to weak coarse blocky structure; very hard, very firm, 
very sticky and very plastic; common fine pores; common medium 
and few large iron- manganese concretions; few fine faint (2.5Y 4/4) 
mottles on ped exteriors, many fine yellowish brown mottles in ped 
interiors; nearly continuous moderate clay films on peds and in pores; 
common bleached silt coatings; clear wavy boundary. 

B31t 33 - 38 Dark grayish brown (2. 5Y 4/3) fine silty clay loam; moderate coarse 
prismatic breaking to weak coarse blocky structure; hard, firm, sticky 
and plastic; common fine and few medium pores; common (4Y 4/2) 
clay films on prism faces; few large black manganese coatings on ped 
surfaces; many fine iron- manganese concretions; common fine faint 
yellowish brown mottles; gradual smooth boundary. 

B32 38 - 47 Dark grayish brown (1Y 4/2) light silty clay loam; weak coarse pris- 
matic structure; friable, sticky and plastic; common fine and few 

medium pores; few patchy (2. 5Y 4/2) clay films on prism faces; many 
fine iron - manganese concretions; many fine, faint and few coarse 
distinct yellowish brown and grayish brown (2. 5Y 5/2) mottles; few 
large mottles are zoned; gradual smooth boundary, 

47 -- 60+ Da!-< brown to olive brown (1Y 4/3) light silty clay loam; massive 
but few vertical cleavage planes; friable, sticky and plastic; common 

C 
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fine iron- manganese concretion,; many fine faint browner and grayer 
mottles; few large zoned mottles. 

Amity Series (33) 

Horizon Depth (in.) Description 

Ap 0 - 8 Very dark brown (10YR 2/2) fine silt loam; grayish brown (10YR 

4.6/2) dry; moderate medium granular structure; slightly hard, friable, 
sticky and plastic; many medium pores; common worm casts; abundant 
medium roots; common fine iron- manganese concretions; few fine 
faint browner mottles; gradual wavy boundary. 

Al2 8 - 15 Very dark brown (10YR 2.4/2) fine silt loam; grayish brown (10YR 

5/2) dry; moderate fine and medium granular structure; slightly hard, 
friable, sticky and plastic; common medium faint browner mottles; 
common fine iron- manganese concretions; many medium and few 

large pores; abundant worm cast,; abundant roots; clear smooth 
boundary, 

Dark grayish brown (10YR 3,6/2), light brownish gray (10YR 6/2.2) 
dry; weak medium subangular blocky structure; friable, sticky and 
plastic; common large and many medium pores; common worm casts; 
abundant roots; many fine iron- manganese concretions; many medium 
faint browner and grayer mottles; clear wavy boundary. 

Brown (10YR 4/3) light silty clay loam; weak medium prismatic 
breaking to moderate medium and coarse subangular blocky structure; 
slightly firm, sticky and plastic; common patchy dark brown (10YR 

3/3) clay films on peds and pores; common fine and few large pores; 
many very fine iron- manganese concretions; common fine faint 
browner and grayer mottles; gradual smooth boundary. 

Brown (10YR4/2, 6) light silty clay loam; weak coarse subangular 
blocky structure; friable, sticky and plastic; common very fine iron- 
manganese concretions; common medium faint browner and grayer 
mottles; common roots; few (10YR 4/2) coatings on peds; gradual 
wavy boundary. 

Brown (10YR 4/3) silt loam; weak coarse prismatic structure to mas- 
sive; friable, slightly sticky and slightly plastic; (10YR 4/2) clay 
films in pores; common medium and fine pores; few roots; common 
medium distinct grayish brown (1Y 5/2) mottles; gradual smooth 
boundary, 

C2 56+ Brown (10YR 4/3) silt loam; massive; friable, slightly sticky and 
slightly plastic; common medium and few large pores; clay films in 
pores; mottles as above, some mottles coarser. 

A2 15 - 23 

B2t 23 - 35 

B3 35 - 42 

Cl 42 - 56 

Woodburn Series (40) 

Horizon Depth Description 

Ap 0 - 6 Dark brown (10YR 2. 8/2.6) silt loam; grayish brown (10YR 5/2) dry; 

moderate medium granular structure to cloddy in pasts, slightly hard 
dry, friable moist, slightly sticky and slightly plastic wet; few large 
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pores except in clods; many worm casts; few fine iron- manganese 
concretions; many grass roots; abrupt smooth boundary. 

Al2 6 - 17 Dark brown (10YR 3/2) silt loam; grayish brown (10YR 5/2. 4) dry; 
moderate medium subangular blocky structure; quite compact in 
parts of upper horizon due to plow pan; slightly hard dry, friable 
moist, slightly sticky and slightly plastic wet; many large and 

medium pores; abundant worm casts; abundant plant roots; common 
fine iron- manganese concretions; gradual smooth boundary. 

B1 17 - 23 Dark brown (10YR 3. 2/3/4) light silty clay loam; brown (10YR 5/3) 
dry, with some patches of (10YR 6/2); weak medium subangular 
blocky structure; slightly hard dry, friable moist, sticky and plastic 
wet; many large pores, many medium and small pores; common g'aii 
silt coatings on peds; abundant worm casts; common grass roots; com- 
mon fine iron- manganese concretions; upper part very faintly mottled 
dry, but not moist; clear wavy boundary. 

B21t 23 - 32 Dark yellowish brown (10YR 3.2/3.6) silty clay loam; dark brown 
(10YR 4/3) crushed; weak medium prismatic breaking to moderate 
fine and medium subangular blocky structure; hard dry, slightly firm 
and brittle moist, sticky and plastic wet; common large and many 
medium pores; moderate patchy clay films on peds, common fine 
iron- manganese concretions; few patches of bleaned silt on ped sur- 
faces; common fine roots; appears to be faintly mottled when crushed; 
gradual smooth boundary. 

B22t 32 - 45 Brown (10YR 4.2/3) silty clay loam; weak medium prismatic breaking 
to moderate medium subangular blocky structure; slightly firm and 
slightly brittle, sticky and plastic wet; common fine roots; few to 
common large pores, common medium and fine pores; common patchy 
(10YR 4/4) clay films; abundant large manganese coatings on peds; 
few grayer (2. 5Y 5/2) mottles zoned around pores with (10YR 4/4) 
rims; common fine iron- manganese concretions; gradual wavy boundary, 

B3t 45 - 56 Brown (10YR 4. 4/3) silt loam; weak coarse prismatic breaking to 
weak coarse subangular blocky structure; friable, slightly sticky and 
slightly plastic; few roots; abundant large worm channels and pores 

in parts; more brittle and compact with manganese coats and patchy 
thin clay films in other parts; common faint mottles, some large 
zoned mottles around pores; gradual smooth boundary. 

C 56 - 60+ Brown (10YR 4, 4/3) silt loam; massive; friable, slightly sticky and 

slightly plastic; few to common large and medium pores; common 
coarse distinct (2. 5y 5/2) mottles and some (10YR 4/4) mottles; 
few black manganese coats on mottles; few patchy clay films in pores, 

Willamette Series (36) 

Horizon Depth (in) Description 

Ap 0 - 6 Dark brown (10YR 2, 6/3) silt loam; grayish brown (10YR 5.2/2) dry; 

moderate medium and coarse granular structure; slightly hard dry, 
friable moist, slightly sticky and slightly plastic wet; many large and 
medium pores; many worm casts; abundant grass roots; few small and 
medium reddish iron concretions; abrupt smooth boundary, 
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Al2 6 - 10 Dark brown (10YR 3/3) silt loam; grayish brown (10YR 5/2) dry; 

weak to moderate medium subangular blocky and moderate fine 
granular structure; compact and nearly massive in spots; hard dry, 
friable moist, slightly sticky and slightly plastic wet; many large 
pores, common fine pores; abundant worm casts; abundant grass 
roots; few very fine iron concretions; gradual smooth boundary. 

A13 10 - 16 Dark brown (10YR 3/3) fine silt loam; weak to moderate medium 
subangular breaking to fine subangular blocky structure; hard dry, 
friable moist, sticky and plastic wet; many medium pores, few large 
pores; abundant fine roots; few fine and very fine iron concretions; 
gradual smooth boundary. 

A3 16 - 24 Dark yellowish brown (10YR 3/3.6) light silty clay loam; weak co.vs 
prismatic and weak medium subangular blocky breaking to subangu ar 

structure; slightly hard dry, friable moist, sticky and plastic wet; 
many fine and medium pores; common worm casts; common fine 
roots; some grayish bleached silt coatings on peds; few fine iron - 
manganese concretions; gradual smooth boundary. 

Bl 24 - 32 Dark yellowish brown (10YR 3.2/4) light silty clay loam; weak medium 
prismatic breaking to moderate medium and fine subangular blocky 
structure; friable moist,sticky and plastic wet; many fine and medium 
pores, few large pores; few worm casts; common gray silt coatings on 
peds; common fine root; common fine iron- manganese concretions; 
gradual smooth boundary. 

Dark brown (10YR 3.6/3, 4) silty clay loam; moderate medium pris- 
matic breaking to moderate medium subangular blocky structure; 
friable moist, sticky and plastic wet; many large and medium pores; 
few root; thin patchy clay films, thin continuous on prism faces; 
common bleached silt coatings on peds; gradual wavy boundary. 

Brown (10YR 4.2/3) light silty clay loam; weak coarse subangular 
blocky structure; friable moist, slightly sticky and slightly plastic 
wet; moderate patchy clay films on some ped faces and pores, some 
clay films and dark brown (7, 5YR 4/4) common fine iron- manganese 
concretions; few faint grayer mottles; gradual wavy boundary. 

Brown (10YR 4.6/3) heavy silt loam; weak coarse prismatic structure 
to massive; friable, slightly sticky and slightly plastic; few clay films 
in pores and on prism faces; many large pores; few faint mottles 
(10YR 4/2), 

B2t 32 - 45 

B3t 45 - 53 

C 53 - 60+ 



APPENDIX II 

Appendix Table 1. Seasonal ferrous iron content of 14 profiles of the five soil series of the Willamette drainage sequence (1964 -1965), (ppm Fe+ +) 

Depth 
(in.) 1 

Time 

2 

Dayton Series 

5 6 1 

Time 

2 

Concord Series 

5 6 1 

Time 

2 

Amity Series 

5 6 

of Sampling* 

3 4 

of Sampling* 

3 4 

of Sampling* 

3 4 

Profile No. 27 Profile No. 30 Profile No. 28 

4 7. 4 13.6 22.0 6. 2 1, 6 1. 4 15, 0 30.0 35.8 6. 8 1. 7 2. 2 12.0 25. 7 15.1 12.1 2. 7 4. 7 
12 6.5 14.4 13.1 15.1 0.7 1.3 11.0 22.3 25.1 10..4 0.7 1.9 11.1 18.1 14.7 11.1 3.7 1.4 
20 6.0 15.0 18.6 25.8 3.6 1.3 6.9 12.4 16.1 16.2 0.9 1.3 9.8 5.6 15.6 8.4 1.8 1.6 
34 2.3 5.8 6.7 10.0 0.9 3.2 5.5 26.6 2.6 5.5 1.8 0.7 9.8 3.4 11.2 8.9 0.9 0.8 
45 5.2 5.8 8.5 7.6 0.6 0.7 4.5 25.2 6.6 9.6 1.2 0.7 9.5 1.5 8.8 10.3 0.6 1.7 

Profile No. 37 Profile No. 35 Profile No. 33 

4 18.5 23.3 341.4 7.5 8.8 3.0 12.1 15.2 11.9 16.4 4.2 5.1 12.2 25.5 34.6 11.6 4.7 2.8 
12 14.3 21.3 52.8 10.9 5.6 4.9 8.4 9.4 5.7 6.3 3.8 5. 1 13.0 40.1 21.7 11.9 4.4 2.9 
20 16.0 10.3 38.0 34.9 4.6 1.8 11.2 11.9 6.4 3.9 3.1 1.1 9.6 21.0 9.0 7.1 3.2 2.8 
34 9. 5 7, 9 27, 8 4. 1 11. 8 0. 9 9. 2 9. 9 6. 1 2. 3 1. 6 2, 0 2.0 12, 8 4, 9 5, 1 2. 1 1, 8 

45 4.2 0.2 7.8 4.0 2.0 1.2 7.8 6.9 4.4 2.3 0.9 0.8 6.5 12.3 3.5 2.2 0.9 0.9 

Profile No. 32 Profile No. 38 Profile No. 31 

4 10.4 14.6 347.8 5.3 6.9 3.9 13.4 27.9 279.2 27.0 6.2 9.9 12.8 25.5 16.4 5.6 3.8 2.7 
12 11.0 16.3 117.3 10.4 9.1 4.8 23.0 17.1 192.4 22.4 6.5 8.6 10.0 8.2 20.1 6.8 4.9 5.0 
20 12.1 11.0 106.8 18.0 14.1 2.4 13.4 2.4 56.1 10.5 4.7 5.2 12.8 8.3 12.7 3.3 4. 1 1.5 
34 4.0 1.4 31.0 3.2 5.4 0.5 6.4 2.8 21.2 2.6 3.5 4.2 28..5 9.8 5.6 2.0 1.2 1.4 
45 2. 0 0. 0 8. 3 2. 9 2. 6 0. 9 7. 0 1. 2 15. 3 2. 5 1. 4 3. 8 8. 5 11. 8 2. 6 4. 9 1. 1 1. 3 



Appendix Table 1 (continued) 

Depth 
(in.) 1 

Woodburn Series 

5 6 1 

Willamette Series 

6 

Time of Sampling* 

2 3 4 

Time of Sampling* 

2 3 4 5 

Profile No. 26 Profile No. 34 

4 10.0 11. 1 20. 5 12.4 7. 2 3. 6 12. 5 16. 5 20, 2 13, 3 4. 5 3. 6 

12 8. 5 9. 5 21. 1 10.0 5.4 5.3 10. 7 15. 1 11.8 7.8 3. 1 2.4 
20 8. 6 15.3 16.9 4. 0 3. 6 1. 7 9. 8 13. 4 11. 5 9, 3 3. 1 2. 1 

34 5.5 2.9 15.2 4.5 1.4 1.6 10.6 10.8 4.5 10. 7 2.5 2. 1 

45 7.3 1. 1 14.8 7.2 0.5 1.6 5.6 10.5 3.6 6.3 1.6 1.9 

Profile No. 40 Profile No. 36 

4 10.5 12.4 48.9 16.0 5.6 2.0 15.3 19.3 34.0 8.2 3.9 7.4 
12 9, 5 11. 1 14.7 10. 7 6. 0 4. 7 13.2 13.2 13.4 4. 5 3. 7 1. 6 

20 3.4 3.2 12.4 9.2 3.4 2.1 11.2 18.8 17.7 6.3 3.3 1.5 

34 2.3 2.7 15.1 6. 7 1. 4 1. 3 6.9 11.4 8.5 4. 3 2.4 0.9 
45 1.4 1.8 6.4 4.0 0.9 1.1 3.0 8.6 6.0 9.5 0.9 0.8 

Profile No. 39 

4 10.4 10.3 21.5 6.0 4.9 4.3 
12 6. 5 17. 6 45. 2 7. 5 4, 1 1. 8 

20 not determined 13.5 6.4 11.7 5.9 2.6 2.7 
34 7.8 8.5 13.7 5,4 1.8 1.8 

45 5. 0 5. 2 7. 8 4. 2 0. 9 1.0 

* 
1 - 10-5-64 
2 - 12-28-64 
3 - 2-24-65 
4 - 3-24-65 

- 5-10-65 
6 - 6-25-65 
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Appendix Table 2. Seasonal ferrous iron content by profile depth of five series of the Willamette 
drainage sequence. (1965 -1966) (ppm Fe ++) 

Series 

Depth 
(in. ) 

Time of Sampling* 

1 2 3 4 5 6 

Dayton (37) 

Concord (38) 

Amity (33) 

Woodburn (40) 

O - 8 12. 9 26. 0 26. 5 67. 9 15. 3 11. 3 

8 - 13 5.7 32. 9 39. 3 140.4 18. 9 11. 5 

13 - 23 3. 7 19.7 14.3 14.8 10.9 7.0 
23 - 30 3. 5 8. 8 7. 4 5. 2 5. 5 4. 5 

30 -38 3.1 7.5 5.5 3.2 3.9 2.3 
38 -47 1.4 4.7 4.8 2.3 4.9 2.3 
47+ 2.0 4.5 2.1 0.7 1.7 2.2 

O - 7 15. 4 83. 2 107. 2 493. 4 45, 3 22. 5 

7 - 15 5. 4 40.3 43.7 235.0 21. 1 15. 5 

15 - 22 4.6 24.8 28.6 211.0 19.6 13.0 
22 - 25 3. 7 17. 2 20. 3 152. 2 17. 5 10. 8 

25 -33 2.7 15.6 16.3 18.0 16.2 4.7 
33 - 38 1. 3 19. 2 15. 3 15. 0 9. 6 7. 6 

38 -47 1.6 17.4 19.3 11.9 4.1 6.4 
47+ 1. 8 5. 8 10.6 10.9 1. 9 1. 7 

0- 8 18. 2 17. 1 45.0 28. 2 16. 9 14. 3 

8 - 15 8. 4 19. 8 42.0 19. 3 14. 1 12. 0 

15 - 23 6. 9 14. 9 26.0 15. 7 8. 6 10.0 
23 -35 1.0 6.5 17.1 5.6 6.9 4.1 
35 -42 0.8 7.4 14.6 5.4 4.1 5.0 
42 - 56 0. 9 6. 8 7. 5 1. 8 1.5 3.0 
56+ 0.9 4.2 6.0 0.6 1.4 2.0 

O - 6 26. 9 33. 3 41.0 15. 7 -- -- 
6- 17 6.9 31.7 36.7 9.9 10.4 5.5 

17 -23 9.1 25.2 31.0 9.1 6.4 4.5 
23 - 32 4. 7 17.2 19.0 4. 3 6. 8 2. 8 

32 -45 2.1 7.3 16.3 6.7 5.2 3.3 
45 - 56 1. 5 6. 4 8. 7 6. 4 1. 3 2. 5 

56+ 1.6 4.4 7.1 2.9 1.3 2.0 

Willamette (36) 0 - 6 19.7 36. 3 28. 9 17.0 17.0 11. 3 

6 - 10 22.0 26. 7 27, 1 13. 8 10. 8 9. 0 

10 - 16 7.2 16.0 19.9 13. 8 10.6 7.0 
16 -24 6.2 7.4 11.3 10.8 7.1 5.0 
24 - 32 9. 2 4. 6 8. 5 9. 5 6. 2 2.0 
32 -45 8.0 6.7 7.3 9.0 5.1 1,7 
45 - 53 2. 6 3. 9 6.0 6. 5 4. 2 0. 5 

53+ 4.1 3.6 4, 8 4. 5 2. 5 0.0 

1 - 11-1-65 
2 - 1-7-66 
3 - 2-3-66 
4 - 3-27-66 
5 - 4-26-66 
6 - 5-25-66 



Appendix Table 3. Organic matter content of the soils studied. 

Horizon % OM Horizon % OM Horizon % OM Horizon % OM Horizon % OM 

Dayton (37) Concord (38) Amity (33) Woodburn (40) Willamette (36) 

Ap 3.60 Ap 5.01 Ap 7.18 Ap 6.82 Ap 7.37 
A2 1.17 A21 1.92 Al2 4.12 Al2 4.74 Al2 3.84 
B21 1.05 A22 0.84 A2 1.60 B1 1.60 B1 2.11 
B31 0.43 B21 0.33 B2 0.40 B2 0.77 B21 1.01 
Cl 0.32 B3 0.21 B3 0.31 B3 0.35 B3 0.35 

Appendix Table 4. Percent clay content of the soils studied. 

Horizon % clay Horizon % clay Horizon % clay Horizon % clay Horizon % clay 

Dayton (37) Concord (38) Amity (33) Woodburn (40) Willamette (36) 

Ap 8 Ap 10 Ap 12 Ap 15 Ap 13 

A2 12 A21 14 Al2 15 Al2 17 Al2 23 

B21 43 A22 22 A2 17 B1 20 B1 22 

B31 38 B21 33 B2 21 B2 15 B21 21 
Cl 22 B3 20 B3 20 B3 18 B3 20 

* 
By hydrometer method. 


