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Abstract:
The contact angle of water with soil materials was studied. To study the effect of organic fractions on
contact angles, the soil materials were extracted in a soxhlet apparatus with four organic solvents and
water. Glass microscope slides were coated with these extracted soil materials. Small drops of water
were placed on the surfaces of the coated slides and height (h) and width (w) of the drops were
measured. The contact angles (θ) were computed from the formulas tan θ/2 = 2h/w for angles less than
90° and sin (θ- 90) = 2h/w - 1 for angles greater than 90°.

The measured contact angles ranged from 14.8 degrees for a hot water extracted material to 130.2
degrees for an ether extracted material. An analysis of variance showed variation due to soils, extracts,
soils x extracts and among treatments to all be highly significant.

One-third and fifteen atmosphere equilibrium moisture contents were run on each sample before and
after extraction. Results indicate extraction increased the water holding capacity. Further information is
necessary to determine if this is from a breakdown of structure or a smaller contact angle.

Drying curves were determined for cores of four of the soils used in this study. The curves of the two
like soil samples, one cropped annually and one in grass for four years, indicate that cropping
decreased water loss. 
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ABSTRACT

The contact angle of water with soil materials was studied. To 
study the effect of organic fractions on contact angles, the soil materials 
were extracted in a soxhlet apparatus with four organic solvents and Waters 
Glass microscope slides were coated with these extracted soil materials. 
Small drops of water were placed on the"surfaces of the coated slides 
and height (h) and width;(w) of the drops were measured. The contact 
angles (O) were computed from the formulas tan 0 /2 = 2h for angles less

w
than 90° and sin (0 - 90) = 2h -  I for angles greater than 90°.

w

The measured contact angles ranged from 14.8 degrees for a hot 
water extracted material to 130 .2 degrees for an ether extracted material. 
An analysis of variance showed variation due to soils, extracts, soils x 
extracts and among treatments to all be highly significant.

One-third and fifteen atmosphere equilibrium moisture contents 
were run on each sample before and after extraction. .Results indicate 
extraction increased the water holding capacity. Further information is 
necessary to determine if this is from a breakdown of structure or a 
smaller contact angle.

Drying curves were determined,for cores of four of the soils used in 
this study. The curves of the two like soil samples, one cropped annually 
and one in grass for four years, indicate that cropping decreased water 
loss.
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INTRODUCTION

Contact angle, is the angle between the surface of a solid, at the 

solid liquid interface and a line drawn tangent to the liquid at the 

intersection of the liquid and solid. It is a measure of the relative 

strengths of the adhesion of the liquid to the solid and cohesion of the 

liquid to itself. The contact angle will be zero if the liquid attracts ■ 

the solid equal to or more than it attracts itself. A contact angle of 

90° indicates an attraction, of the liquid for the solid equal to half 

that for itself. Adam (1938) says that a contact angle of ISO0 is 

unrealizeable but such an angle would indicate no adhesion between the 

liquid and the solid. Contact angle depends on the solid material and 

the surface tension of the liquid.

Adam (1938), Bangham (1946), Gregg (1948) in their study of contact 

angles have noticed a so called hysteresis of contact angle. That is, 

the contact angle is a larger value when the liquid is advancing than 

when it is receding. Hysteresis has been explained by authors in varying 

ways but no one explanation seems acceptable. Bartell and Wooley (1933) 

showed that the magnitudes of the advancing and receding contact angles 

are the same if the surfaces had like treatment history. The advancing 

angle probably is less variable than the receding angle. (Adam 1938)

In cases where the contact angle is used in mathematical calculations 

of soil-water relationships, Baver (1959) states it is usually assumed 

to be zero. Haines (1925) verified the theory of cohesion due to 

capillary attraction between wetted particles with the use of experi

mentally ignited silt. The fact that the soil was ignited indicates that
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with, soil in its natural state the theory could not have been proven as he 

assumed, zero contact angle. Many investigators have found information 

indicating the contact angle of water with natural soil in not zero. 

Linford (1930) measured the contact angle of water with soil minerals and 

found finite and widely varying angles of contact for old or freshly 

cleaned surfaces but zero for new surfaces. Hobinson and Page (195.1) 

found the contact angle of water with the materials of cold water extracts 

from a fence row and cropped soil to be different. Van't Woudt (1959) 

found that an easily wettable soil coated with the extract of an organic 

solvent from a difficultly wettable soil exhibited resistance to wetting 

in the air dry state. Linford (1930) and Langmuir (1920) say that many 

workers have shown solids with monomolecular films of certain substances, 

notably fats, oils and fatty acids had finite angles of contact. Linford 

also found that a soil treated with enough oleic acid to give a monomole

cular layer gave much less capillary rise than an untreated soil. Keen 

(1927) found a soil treated with hydrogen peroxide to remove organic 

matter had greater cohesion between soil particles at low moisture 

contents than untreated soil indicating a smaller contact angle. The 

reverse was true at high moisture contents.

The results of numerous investigations indicate the most probable 

reason for a non zero contact angle of water with soils is organic 

coatings of the soil mineral matter. Organic material can vary widely in 

chemical composition from soil to soil (Waksman and Hutchings-, 1935).

It is reported by Waksman and Iyer (1932) that humus consists predomi

nantly of two chemical complexes, lignins and- proteins. It also contains
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fats^ waxes, cellulose, hemicellulose, organic acids and alcohols. Many 

investigators have tried fractionation of organic matter extracted from 

soils and numerous materials have been identified. High concentrations 

of waxes of the types appearing in beeswax were found by Meinschein and 

Kenny (1957) in the benzene-methanol extract of soils. Schreiner and 

Shorey (1909) found a yellowish waxlike substance in an ethanol extract of 

soils.

Swartzendruber et al. (1954) have shown that the wetting angle is used 

in calculating the capillary absorption coefficient and hydraulic conducti

vity of a soil; Swartzendruber (1956) also says that capillary theory 

can be refined by determining the wetting angle of a soil. It is 

possible that contact angle between soil and water might have an effect 

on water evaporation from a soil. The actual effect of contact angle on 

saturated and unsaturated flow, capillary rise, vapor absorption, and 

evaporation, if any, is not known but can probably be determined if • 

materials of known contact angle could be used to coat soils or materials. 

Puri (1949) reports the contact angle increases as- particle size 

decreases. Effects such as this and others due to pores of molecular 

dimensions will need to be evaluated before definite conclusions about the 

wetting angle of soil can be drawn.

As a possible means of evaluating the effects of contact angle 

between soil and water, the contact angle of water with soil materials was 

studied. These materials were extracted from soils with organic solvents 

and water. Glass microscope slides were coated with these materials and 

the contact angle of water with these coated slides was determined by
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measurements of small drops. One-third and fifteen atmosphere equilibrium 

moisture contents were run on the soils samples before and after extraction 

to determine what effect loss of soil materials with a measured contact 

angle had on moisture holding capacity. Drying curves were determined 

for four of the soils used in the study to determine what effect,if any, 

contact angle might have.on evaporation.
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LITERATURE REVIEW 

Methods of Extraction

Soil organic matter as defined by Russel (1950)."is a series of 

products which range from undecayed plant and animal tissues through 

ephimeral products of decomposition to fairly stable amorphous brown to 

black material bearing no trace of anatomical structure from which it was 

derived." Schreiner and Shorey (1910) thought that the complexity of soil 

organic matter was not so great that its chemical nature could not be 

determined by modern methods of research. Broadbent (1953) says that no 

.solvent is known which dissolves the soil organic complex completely.

This is probably the most important reason that the effect of soil organic 

matter on soil-water relationships has not been more completely evaluated.

No one method is available for organic matter extraction, but many 

methods have been proposed. These come under three main groups which are: 

(I) strong acidic or basic extractants, (2 ) neutral reagent extractants, 

and (3 ) organic extractants.

Strong Acidic or Basic Extractants

Probably the best known, oldest, and most widely used procedure for 

extracting soil organic matter is the strong alkali method. This method 

consists of extraction with strong alkali and fractionation. Further 

details of this extraction are enumerated by .Shorey (1912), Lynch et al. 

(1957a) and Lynch et al. (1957b). Broadbent (1953) says this method brings 

a considerable part of the material into solution, but suffers the disad

vantage that the material is concurrently oxidized and probably altered in 

other ways. Evans and Russel (1959) found that extraction with chelating



12
reagents and alkaline solutions increased with pH and suggest that under 

strongly alkaline conditions oxidation and hydrolysis might be involved. 

Possible alteration by strong alkalies is also suggested by Bremner (l95l) 

and Broadbent (1955).

Forsyth (1947) says the complex extractable with basic solutions 

"contains carboxylic, phenolic, methoxyl, acetyl, quinone, and probably 

tautomeric carbonyl groups. It is easily destroyed by oxidation giving 

simple aromatic compounds. It can be reduced to a colorless compound 

which reoxidizes when exposed to air. It gives characteristic nitro-, 

chloro-, and bromo-compounds of amorphous charcoal. It generally contains 

I to 5% N."

In recent years Schnitzer and Wright (1957), Schnitzer (1958), and' 

Schnitzer et al. (1959) have used various extractants and found that the 

amount of organic matter extracted varied with horizons and extractant. 

Only NaOH removed appreciable amounts from the A0 horizon; other extrac

tants, including strong acids were quite efficient in the Bg^ °f a Podzol. 

Neutral Reagent Extractants

The extraction of soil organic matter with neutral reagents such as 

sodium pyrophosphate has been found by Stevenson et al. (1953) to be 

especially suitable because the organic complexes pass into solution with

out peptonization. Schnitzer et al. (1959) found that the pH had little 

effect on the extraction from a podzolic B provided the yield is suffi

ciently high and an excess of the reagent can be satisfactorily removed. 

Evans (1959) says the results of extraction with pyrophosphate indicate 

good efficiency and suggest that the pyrophosphate anion's chelating



abilities might have been involved.

Organic Solvents

Organic solvents have been used about as long as strong alkali for 

extraction and fractionation of soil organic matter. Fraps and Father 

(1913) used ether and chloroform and extracted with a soxhlet apparatus. 

They found the ether extract contains fatty acids and waxes. Meinschein 

and Kenny (1957) used a mixture of benzene and methanol and extracted 

waxes of the types appearing in beeswax. They state that the principle 

constituents of the waxes are normal aliphatic acids, normal primary 

aliphatic alcohols and sterols. Schreiner and Shorey (1909)(l91l) 

extracted soil organic matter with boiling 95% alcohol. They found that 

a yellowish macrocrystalline precipitate separated out on cooling. It 

contained mineral and organic matter which were alumina and a mixture of 

so called fatty acids respectively. The filtrate contained a yellowish 

waxlike substance which was agrosterol. Waksman and Stevens (1930) also 

extracted soil organic matter with ether, alcohol and a 1=1 benzene- 

alcohol mixture and found that the benzene-alcohol mixture extracted 

nearly equivalent fats and resins as the combined extracts of ether and 

alcohol.

Coating the Slides

The subject of coating glass slides is a relatively unexplored field, 

Bigelow and Brockway (1956) coated glass slides with thin films of fatty 

acids by adsorption. Ihrig and Kai (1957) obtained a good paraffin coat

ing by keeping paraffin just above the melting point and leaving the 

slides in paraffin a few minutes in order to heat them through. O'Kane

13
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et al, (1930) coated slides by evaporation of the extract on the slide as 

did Robinson and Page (l95l)• It appears that no one method is satisfactory 

for all conditions. The method used should depend on the type of material 

with which the slide is to be coated. The method of O'Kane et al. (1930) 

was chosen for this study as the extracted materials were in solution, which 

made this method lend itself to the situation. - -/

Measuring Contact Angles

Numerous methods' of measuring contact,angles are.available. Most 

researchers have limited these methods to only two or three depending on 

the angle size and surfaces available. These main methods are capillary 

rise, tilting plate, and drop on plate.

Capillary rise

This method consists of calculating the contact angle from the 

experimental rise of liquid of known surface tension in a capillary tube 

with a known radius. Puri (1949) used this method to calculate the contact 

angle of sand particles of uniform size coated with stearic, palmetic and 

myriatic acids.

Numerous investigators have used micro-photography of the liquid 

surface to measure the contact angle by capillary rise. Exact dimensions 

of the capillary must be accurately known for this method and a smooth 

even organic coating in thp capillary may be difficult to obtain.

■Tilting plate

This method seems to be quite popular and accurate for measuring small 

angles of contact. It consists of tilting a plate, coated with solid 

material to be tested, in the liquid until the surface of the liquid at the
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solid liquid interface shows no curvature. The angle is then measured 

with a protractor mounted on the tilting plate. Certain refinements 

have been used for accurate measurements of small angles and are 

described by Adam and Jessop (1925) and Ihrig and Iai (1957). This 

method also necessitates a smooth even surface for good results which may 

be difficult to.obtain with many materials.

Drop on plate

This method is quite widely used. The. contact angle can be found by 

direct measurement of photographs of the drops as was done by O* 1 2 3 4Kane et al. 

(1930) or can be calculated with measured dimensions of the drops as had 

been done by Adam (1938)  ̂ Baruel (1953), Bartell and Zuidema (1936),

Bigelow and Brockway (1956), Mack (1936), Mankowich (1953), and numerous 

others.

One variation of this method which is the measurement of height and ' 

width of a small drop as was used by Bigelow and Brockway (1956), Mack 

(1936), and Mankowich (1953) was chosen.for this study because of the 

following reasons as enumerated by Mack (1936).

1. The methods applicability is largely independent of the form of 

the solid surface.

2. Small drops may be applied to small plane areas on irregular 

surfaces.

3 . Small drops show a greater variation in height for small angle 

changes.

4. Small drops assume the advancing angle of contact while large 

drops fluctuate between the advancing and receding angles.
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5. The theory of a spheroidal segment method of calculation can be 

used because the shape of a small drop having an acute angle of contact 

is only slightly affected by gravity.

Other Factors to be Considered

Evaporation

If the dimensions of the drop are not measured quickly, it would be 

expected that they would change radically due to evaporation unless they 

were in a saturated atmosphere. Kawasaki (1958) studied drop evaporation 

from surfaces of high polymer solids and found that the size of the droplet 

decreases vertically as evaporation proceeds on the surface of ebonite or 

Bakelite whereas the lateral dimensions of the droplet decrease only at 

the last stage of evaporation, He found from the surface of petrolatum 

or paraffin the droplet got smaller uniformly. It took more time for a 

droplet to evaporate completely with large contact angles.

Roughness

Adam (1938) has found that if surfaces are markedly rough, the calcu

lated contact angle will not be the true angle but will be larger than the 

true angle if the true angle is greater than 90° and vice versa. This is 

substantiated by Cassie (1948) and Wenzel (1936).

Bikerman (1950) and Shuttleworth and Bailey (1948) do not agree with 

this. Bikerman (1950) found that surface roughness had no definite effect 

due to mutual cancellation of grooves and ridges. Shuttleworth and Bailey 

(1948) say that inevitable roughness of solids is sufficient to explain 

hysteresis. Further research is necessary to be sure of effects of 

roughness.



17
MATERIALS AND METHODS

Six soils were used in this experiment. The six soils were chosen 

because of their expected organic differences due to the soil forming 

factors. Two sets of soils with similar soil forming factors were chosen 

to study possible differences which might be encountered. A description 

of each of the soils is presented in the Appendix. Two of the samples 

taken from the Mocassin station had different treatment history over the 

previous four years. One sample had been cropped annually for four years 

and the other sample had been in grass for four years. These two samples 

were from a Judith-Danvers complex. The treatment history of the other 

soils is .not known..

For extraction of the organic material for contact angle study the 

soil samples were air dried and crushed to pass a 2 mm sieve. Rocks and 

fibrous material not passing through the sieve were discarded. The soils 

were thoroughly leached with cold distilled water to.remove any excess 

salts and cold water soluble organic matter by mixing fifty grams of soil 

and 200 ml of water in an Erlenmeyer flask and agitating for 30 minutes on 

a rotating shaker. The samples were then decanted and filtered under 

suction until a total of one liter of water had been used for leaching.

The soil was then transferred to Buchner funnels and washed with an addi

tional 250 ml of cold distilled water. The samples were then dried and 

crushed to pass a 2 mm sieve.

Three pure organic solvents, one mixture of organic solvents, and hot- 

water were used to extract the organic matter each on a fresh soil sample. 

These solvents were chosen rather than alkalies or acids because the
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materials extracted should be less susceptible to chemical change and on 

evaporation should leave no residue of the solvent. The pure solvents 

were: ethanol, chloroform, and ether. The mixture was benzene and

methanol in a ratio of 10:1 respectively. After extraction, a precipitate 

was noticed in the ethanol extract so the cold soluble and insoluble were 

separated by centrifugation. This made a total of five organic extracts.

The hot water was used on just two soils to find if it would give an extract 

with a measurable contact angle. It was found that these angles were small 

and difficultly measurable by the method used so this extract was excluded 

from further study.

All extractions were carried out in soxhlet apparatus. The extrac

tion thimble of a soxhlet apparatus was filled with approximately 100 

grams of soil. Enough extractant was used to maintain a safe level in 

the evaporating flask at all times. Cheese cloth was placed on top of ' 

each sample to prevent splashing of the soil out of the extraction capsule®

A thermometer was placed in the sample for one extraction with each solvent 

except ether to determine the approximate temperature at which the extrac

tion was taking place* Since the boiling point of ether is approximately 

room temperature, the extraction temperature was not measured. This is 

because the increase in temperature for extraction would have been 

negligible. The extraction temperatures, are presented in Table I. After 

extraction, each solution was concentrated by evaporation. The extracts 

were then stored in the refrigerator until such time as the slides were 

coated.

Three inch by one inch glass microscope slides were used for bases
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Table I. Extraction Temperatures,(in degrees centigrade) of solvents

used in extraction of soil materials with a soxhlet apparatus.

Solvent
Boiling Point 

STP
Extraction . 
Temperature

Ethanol .78.5 70 .0

Chloroform 61.3 53.9

Ether 34.6

Benzene-Methanol 10:1 80.1-64.7 55.6

Water 100 7 0 .0



to coat with the extracted organic materials. Bigelow and Brockway (1956) 

report that glass microscope slides have surfaces which are highly polish

ed to a uniform smooth.condition. The slides were washed in hot detergent, 

rinsed in hot water, and placed into cleaning solution for a period of 15 

minutes, rinsed again in hot water, distilled water, and finally hot dis

tilled water before being dried in an especially clean oven as was done 

by Bigelow and Brockway (1956).

To coat the slides the extracts were heated to boiling and enough of 

the extract was put on the slides to facilitate as good a coating as 

possible. The solvents were then allowed to evaporate and the coated 

slides were stored in a dessicator until used for contact angle measure

ments .

The contact angle was determined with small drops of distilled water 

placed on the slides by means of a hypodermic syringe with an especially 

fine hypodermic needle and micrometer screw controls allowing the size of 

the drop to be controlled. In placing the drops, homogenous appearing 

areas were used for best.duplication of results. The height (h) and 

width (w) of the drops were measured with a Gaertner measuring microscope 

with filar micrometer eyepiece. The height of the drop was always 

measured first. The equipment had a total magnification of 32 diameters 

which is sufficiently accurate for readings to within .001 mm. Readings 

should be multiplied by approximately .78 to convert to mm. This was not 

done as a ratio is used in calculating contact angle.

The slides were mounted on a microscope stage and could be moved in 

two directions horizontally for adjustment. The microscope was mounted
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so that it could be adjusted in elevation. An adjustable fluorescent

lamp was used for lighting. Humidity and temperature were not controlled

nor were records kept of them during drop measurements.

The acute contact angles (©) were calculated from their maximum

height (h) and width (w) by use of the formula tan ©/2 = 2h. This formula
w

was originally derived by Mack (1936) and according to Bigelow and 

Brockway (1956) is applicable to drops up to .5 mm in diameter. Bartell 

and Zuidema (1936) report this formula is accurate for larger drops provided 

the contact angle is less than 90°. The drop sizes were less than ".5 mm 

in diameter.

The obtuse contact angles (©) were calculated from their maximum height

(h) and width (w) also by the formula sin (© - 90) =■ 2h - I. This was
w

done because the formula tan 6 /2  = 2h is only true for angles less than
w

or equal to 90°. If the width (w) is the width of the solid-liquid inter

face instead of the width of the drop, it is also true for angles greater 

than 90°. All measurements taken were drop width and not solid-liquid 

interface widths. A brief derivation of each formula is given in the 

Appendix. The angles reported are an average of the computed angle from 

measurements of 20 or 30 drops.

Standard statistical analysis of variance,with an F test and Duncan's 

multiple range test was run on the average contact angle values. '

One-third and fifteen atmosphere moisture holding capacities of each 

soil before extraction and after extraction with each solvent were 

determined.

The drying curves of four of the soils were determined. These dry-
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ing curves were determined in triplicate for cores 3 inch-es in diameter 

by 3 inches high after being wetted under 5 cm, tension. The cores were 

then made air tight except for the 3 'inch diameter surface and weigh

ed daily for 40 days. At the end of the drying period the final 

moisture content was determined.
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RESULTS AND DISCUSSION

Table II shows the average value of the calculated contact angles 

from measurements of 20 or 30 drops (10 drops per slide) for each 

extract. All slides coated with the materials extracted had finite 

angles of contact with distilled water when originally dry. Except 

with the materials extracted with hot water, the contact angles were 

quite different from zero. The results of an analysis of variance and 

Duncan's multiple range test are presented in Tables III and IV 

respectively. If the mean contact angle of water with an extracted 

material was at least $.22 degrees different from another mean, accord

ing to Duncan's multiple range test the two are different at the 1% 

level. It was not necessary in all cases for the difference to be as 

great as 5 .2 2 degrees but in no case could it be less than 4-59 degrees 

and still be significantly different at the 1%- level. As the table is 

presented, letters of the alphabet are used to show differences. If the 

set of letters for one treatment (a treatment is the average contact 

angle of the material extracted with a given solvent from a given soil) 

has at least one like letter in the set of letters for the treatment with 

which it is being compared, then the two treatments are not significantly 

different at the 1% level. If there are no like letters in any two sets, 

then they are different.

It is of interest to note that all sources of variation have a 

highly significant F value. This highly significant F value for varia- 

tion due to extracts might not be expected in light of the work of 

Schnitzer et al. (1958)• They used various extractants on the Bp
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Table IJ. Average contact angle "(in degrees) for materials extracted with 

different solvents from six soils.

Ethanol*
Soil...........Hot Soluble

Ether Benzene
Methanol

Chloroform Ethanol** 
Cold Soluble

Water

Loberg 117.3 110 .2 109.6 109 .0 38.9 20.8

Bozeman 1 0 9 .0 ' 81.8 89.9 98.8 58.8 .
Mocassin(Grass 
last 4 years)

124.4 108.8 1 1 2 .8 123.5 42.6

Mocassin(Cropped 
last 4 years)

1 22 .1 110.3 90.9 102 .1 4 0 .6

Huffine 124.4 130.2 102 .2 101.4 59.1 '
Amsterdam 128.7 122.0 97.8 103 .0 64.5 14.8

* Ethanol Hot Soluble - These are the materials extracted with hot ethanol 
which precipitated out on .co.oling.

-:hc- Ethanol Cold Soluble - These are the materials extracted with hot ethanol 
which did not precipitate out on cooling.
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Table III. Analysis of variance for contact angles of materials extracted 

with different solvents from six soils.-

Source of 
Variation D. F.

Sum of" 
Squares

Mean
Square

Calculated 
F Value

Among Treatments/ 29 471,773.25 16,268.0 470.2*
Extracts - 4 414,596.97 103,640 .2 2,995.6*
Soils 5 . 27,267.06 5,453.4 157.6*
Soils x Extracts 20 29,909.22 1,495.5 43.2*

Within Treatments 
(Error) 620 21,468.06 34.6

Total 649 493,241.31

/ A treatment is the average contact angle of the material extracted with 
a given solvent from a given soil.

-x Significant at 1% level.
( •

i

TH! TTTT I
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Table IV. Multiple range' test for contact angles of extracts of six 
soils.- See explanation below.

Ethanol*'
Soil ' Hot Soluble

Ether , Benzene
Methanol

Chloroform Ethanol** 
. Cold Soluble

Amsterdam A B ' ■ C D E I ' H L

Huffine B C A H I- H I M

Mocassin('Grass 
last 4 years)

B C D  . G F G H N •

Mocassin(Cropped 
last 4 years)

C D E G ■ J H I . ■ N

Loberg F • G ' G G . N

Bozeman G K .. z J H I M

If any treatment has at least one letter like one letter of another treat
ment, the treatment means are not significantly different at the 1% level. 
If no letters are alike, they are significantly different.

Ethanol Hot Soluble - These are the materials extracted with hot 
ethanol which precipitated out on cooling.

Ethanol Cold Soluble - These are the materials extracted with hot 
ethanol which did not precipitate out on cooling.



horizon of a podzol profile and found that the non-dialyzable portion 

of the extracts had carbon contents which ranged between 40 and 50 per

cent. They said this suggested that all extractants removed essentially 

a similar type of material. This highly significant F value indicates 

that fractionation with different solvents might be plausible. The most 

notable difference between extracts is between the hot ethanol and cold 

ethanol treatments. At the time of drop measurement it was noted that 

hot ethanol extracted materials which were insoluble when cold appeared 

waxlike whereas the materials soluble when cold appeared more like a 

grease. Except for one low treatment value, from the. other extractable 

materials and two low treatment values from the benzene-methanol 

extractable materials, all of.the materials extracted with one solvent 

were generally in the same range. In general, materials■extracted with 

hot ethanol had the largest contact angles. The materials extracted■ i
with hot ethanol and soluble in cold ethanol had the smallest contact 

angles.

The highly significant F value for variation among treatments also 

points out interesting information. Although the hot ethanol soluble 

materials had the largest overall contact angle, the largest individual 

contact angle was with the ether extracted material from the Huffine 

soil. The lowest individual contact angle was with the cold ethanol 

extracted materials from the Loberg soil. The Loberg.soil, having a 

forest vegetation, had the greatest amount of oxidizable organic matter 

of all soils used. (Table V) Thus, kind rather than.amount of organic 

matter appears to control contact angles.' This might be explained by the

27
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Table V, Oxidizable organic, matter (in percent)*

Soil % Organic Matter

Amsterdam 3.0

Huffipe 2 .1

Mocassin (Gpass last 4 years) . 3,5

Mocassin (Cropped last 4 years) 3.4

Loberg 1 0 .8

Bozeman 5.5

* Modified Walkley-Black method, Jackson, M. L., Soil Chemical .Analysis, 
Prentice-Hall, Inc. Englewood Cliffs, N. J. 1958. P. 219-221.
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fact that the organic matter had not reached the advanced stage of 

decomposition in the forest soils that it had in the cultivated soils.

It is possible that the materials more resistant to decomposition have 

a larger contact angle. Further study would be necessary to prove or 

disprove this.

The variation due to soils had a highly significant calculated F 

value also. In general the materials extracted from the Amsterdam and 

Huffine soils had the largest contact angles and the materials from the 

Bozeman sample had the smallest contact angles. Again it is interesting 

to note that materials extracted from soils with the smallest amount 

of organic matter (Huffine and Amsterdam) had the largest contact angles 

and the materials extracted from a soil with a larger amount of organic 

matter (Bozeman) had the smallest contact angles. • The contact angles 

of materials extracted from the Bozemap and Huffine soils (two geneti

cally similar soils) had different values.
• I

The variation due to soils by extracts had an F value which wa's 

also significant at the I percent level. This indicates that soils do 

not have a similar distribution of the same organic materials because 

the contact angles of the extracted materials did not have the same 

trend for all soils with the different extractants. Some noticeable 

differences are the values of the contact angles of like extracts from 

similar soils. The two similar Chernozems (Huffine and Bozeman) had 

different contact angles for three of the five extracts, The materials 

from the Bozeman sample had lower contact angles in every case. The 

■contact angle of the benzene-methanol extracted materials from the two



Mocassin samples had different values with the annually cropped sample 

having the lower value.

The small value of the error term should be mentioned. This small 

value indicates good precision of the calculated contact angles. The 

hot water extracted materials had the smallest contact angles but were 

not included in the statistics due to insufficient data.

The results of one-third and fifteen atmosphere moisture contents 

are presented in Tables Vl and VII respectively. These samples were run 

in duplicate. ■ There is a tendency for all extracted soils to hold more 

water than unextracted soils. This might be due to structural deteriora

tion resulting from removal of part of the organic material or it might 

be due to a change in the wetting characteristic of the soils. Further 

study is needed on this point.

The drying curves of the two sets of similar soils are shown in 

Figures I and 2. The Bozeman and Huffine samples had different drying 

curves but at the end of forty days had lost' a difference of only a few 

grams. The final moisture contents were 3>.Z% for the Bozeman sample . 

compared to 4-l$ for the huffine sample. In contrast the two Mocassin 

samples had similar shaped curves but the sample which had been in grass 

for the last four years lost about twenty grams of water more than the 

other. The final moisture contents were 4*5% for the sample cropped 

for the last four years compared to 5.1% for the sample in grass. In 

both cases the samples which had lost the most water had the higher 

amount left and therefore held more water originally. The drying 

curves indicate soils, from which materials with generally larger

30
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Table VI. One-third atmosphere moisture content (in percent) for soils

before and after extraction with each solvent *

Soil
Before . 
Extraction

Ethanol Ether Benzene
Methanol

Chloroform Water

Loberg 38.8 43.9 40.7 38.8 41.8 44.0

Bozeman 32.8 34.6 35.0 33.2 38.9

Mocassin(Grass 
last 4 years)

27.3 29.7 33.5. 25.6 29.7

Mocassin(Cropped 
last 4 years)

29.6 29.6 28.6 26.3 24.5

Huffine 33.0 33.5 28.1 36.8 30.2

Amsterdam 26.3 30 .0 ■ 34.5 30.4 36.5 30.5

Table VII. Fifteen atmosphere moisture contents (in percent) for soils 
before and after extraction with each solvent.

Soil
'Before 
Extraction

Ethanol Ether Benzene
Methanol

Chloroform Water

Loberg 1 6 .2 19.0 20.4 2 1 .0 18.6 2 1 .1

Bozeman 12.5 12 .0 15.4 13-9 14.2

Mocassin(Grass 
last 4 years)

15.3 15.8 16.4 14.4 14.9

Moca s sin(Cropped 
last 4 years)

16.7 ■15*0 20.5 14.9 14.3

Huffine 12.4 1 3 .0 1 2 .1 12 .0 12.8

Amsterdam 13.3 13.3 15.4 16 .0 11.9 14.0

I
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contact angle values were taken, lost more water.
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CONCLUSIONS

The results of this study show that the contact angle of water 

with the soil materials used was not zero. In most cases it was quite 

different from zero. The most probable reason,for the materials 

extracted with hot water having a small contact angle,is their solubility 

in hot water. To be soluble they would most likely be easily wetted byI
water and thus have a small contact angle.

The contact angle of water with most of the other materials indicates 

an attraction of water for the materials equal to approximately half that 

for itself. Where the contact angle was greater than 90 degrees it 

would be more than half.

The exact effect of the occurrence of one of these materials in a 

soil has not been determined. It is quite improbable that all soil 

particles have an even coating of one such material. More likely these 

materials occur only in scattered films with breaks where the mineral 

surface is bare. The same material might not occur dispersed through

out the soil. More likely a random occurrence of different materials 

would be the case. Possibly the integrated effects of this random 

occurrence might be evaluated. Initially it might be valuable to 

evaluate the effects of an even coat of the same material on all of 

the soil particles. From there it might be possible to explore the 

integrated effects.

The results of one-third and fifteen atmosphere moisture contents 

indicate that the extracted soils held more water than unextracted soil. 

Further study is needed to determine if this is due to an increased
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wettability or some other factor such as structural breakdown. It 

might be a combination of both.

The results of the drying curves indicate the soils with materials 

which generally had a larger contact angle, lost more water. They a Iso 

held more water originally and finally. The greater loss could then be 

explained by a larger gradient. Further study would be necessary to 

prove or disprove this. The amount of oxidizable organic matter does 

not appear to be related to this. The Bozeman sample had more oxidizable 

matter than the Huffine sample and lost less water. The Mocassin (grass 

last 4 years) sample had more oxidizable organic matter than the 

Mocassin (cropped last 4 years) sample yet lost more water. Sufficient 

data to substantiate the oxidizable.organic matter difference in the 

Mocassin samples would be necessary to verify or refute this last

conclusion.
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appendix

Profile descriptions were taken from Final Review Drafts of Proposed 

Revisions of Established Series of the National Cooperative Soil Survey. 

The type location for the Loberg stony loam was above Langhors campr. 

ground in Hyalite Canyon and was described by Dave Cawlfield and Evan 

Nielson, Soil Scientists for the Soil Conservation Service. The rest were 

listed on the series descriptions.

AMSTERDAM SERIES

. The Amsterdam series comprises Chestnut soils that have developed in 

deep loess in the intermountain valleys of the northern Rocky Mountains. . 

The loess deposits are more than 36 inches deep to underlying weakly 

consolidated or stratified Alluvial deposits, or bedrock. The distinctive 

characteristics of the Amsterdam series are: (l) A moderately thick

(4-8") dark grayish brown or very.dark.brown (moist) A]_ or Ap horizon;

(2) a relatively thick (6-14") Bg horizon that is at. least one degree 

stronger in chroma and has a clay increase over the A-̂ ; and (3) a dis

tinct or prominent horizon of accumulated lime in segregated form. The 

Amsterdam series occurs at elevations of between 3,000 and 5,500- feet 

under a cool moist semiarid climate with annual precipitation ranging 

from 14 to 17 inches;.mean annual temperature ranging from 40 to 46 

degrees F., and an average frost free period ranging from 95 to 130 days. 

Soil Profile: Amsterdam silt loam - Cropland

Ap 0-6" Grayish brown (10IR 5/2 dry) silt loam, IOIR 3/2 when

moist; weak coarse platy structure separating to moderate 

fine granules, slightly hard, friable, slightly sticky



42

B2

B3

Ccal

Ccag

and slightly plastic, noncalcareous, abrupt smooth lower 

boundary. 4 to 8 inches thick.

6-11" Brown (lOYR 5.3 dry) silty clay loam; IOYft 4/3 moist with 

IOIE 3/3 coats; moderate medium prismatic structure to 

moderate medium and fine subangular blocks, hard, friable, 

sticky and plastic, moderately thick continuous clay films 

on all ped faces, noncalcareous; clear lower boundary. 4 to 

10 inches thick. .

11-18" Brown (lOYR 5/3 dry) heavy silt loam, IOlR 4 /3 when moist, 

moderate medium prismatic structure to moderate medium 

and fine subangular blocks, slightly hard, very friable, 

slightly sticky and slightly plastic, thin patchy clay 

films on some ped faces; noncalcareous, clear wavy lower 

boundary. 4 to 10 inches thick.

18-24" Light brownish gray and white (2.51 6/2 and 8/2 dry) silt 

loam, 2/51 6 /2 moist, with light olive brown stains in 

root channels; weak coarse prismatic structure in which 

soft nodular lime concretions separate out, slightly hard, 

very friable, slightly sticky and slightly plastic; very 

strongly calcareous, with many soft lime nodules; diffused 

lower boundary.

24-32" Light gray and white (2.5? 7/2 and 8/2 dry) silt loam

2 .5 1 5 /3 when moist with lime casts of 2 .5 1  6/2 ; very weak 

coarse prismatic or massive structure; slightly hard, very 

friable, slightly sticky and slightly plastic; very
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strongly calcareous, lime mostly disseminated except for 

an occasional soft nodule or cast, diffused lower boun

dary. Cca horizon is 10 to 20 inches thick.

32-48" Light brownish gray (2.5Y 6/2 dry) silt loam; 2/51 5/3

moist, massive structure; soft, very friable, and slightly 

sticky; strongly calcareous, lime being disseminated; dif

fused lower boundary.

48-64/" Light brownish gray (2.5Y 6/2 dry) silt loam; 2.51 5/2 

when moist; massive structure, soft, very friable, very 

slightly sticky, strongly calcareous, with lime dissemi

nated.

Range in Characteristics:
I

The A]_ horizon ranges in Munsell color values between 2 and 3 moist and hues 

yellower than 7-5YEL Surface texture is silt loam or loam except silty

clay loam where part of the B horizon has been incorporated into the A
- ■ P

through tillage. The B horizon has chroma stronger than 2 in hues yellower 

than 5YR. The B horizon ranges from silty clay loam to heavy silt loam, 

with an increase in clay over the A of more than 8 percent (absolute).

The sola ranges from 10 to 20 inches in thickness and is noncalcareous 

except for locally eroded .areas or where very deep tillage has encountered 

the lime zone. The Cca horizon may have thread lime in root cavities, 

soft nodules of lime, casts of limy earth, lime as a soft floury mass 

that lightens the soil color by one or more Munsell values. The loess 

is 36 inches or more deep and free from coarse fragments except where 

rodent activity has had local influence or where tillage of adjacent areas

Tm “  Ft
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may.have scattered a few gravels or cobble on the surface. Colors are 

given for dry soils unless otherwise stated.

Topography:

Maturely dissected upland and Alluvial plains with- nearly level t o gentle 

though slightly irregular slopes of 0 to 9 percent and with steep slopes 

into valleys of dissecting streams.

Drainage and Permeability:

Subsoils are moderately permeable. Well drained.

Vegetation:

Mid grasses such as: Bluebunch wheatgrass, Idaho fescue, rough fescue,

green needlegrass, prairie junegrass and western wheatgrass.

Type location:

Gallatin County, Montana, 250 feet south of NW- cor. Sec." 30, TlS, R3E. 

East side of field road along section line.

Sample Site Location:

Gallatin County Montana, NW^ Sec. 16, T25, R3E. In field south side of 

highway at top of hill.

TT T



45

BOZEMAN SERIES

The Bozeman series comprises well drained Chernozem soils developed 

in deep loess valleys of the Northern Rocky Mountains. The Bozeman series 

has distinct horizonation with: (l) thick black or very.dark brown

(moist) A]_ or Ap horizon, (2) a thick prismatic-blocky Bp horizon that 

was a distinct increase in clay and Munsell chroma over the A^ or C; and 

(3) a distinct or prominent horizon of accumulated lime in segregated form 

in the C horizon. The percent of clay increases with depth in Aj_ horizons, 

reaching a maximum in the Bp% horizon, decreasing through the Cca horizon 

and reaching a distinct minimum below the Cca horizon. The Bozeman series 

occurs at elevations between 4,000 and 6,000 feet. It has developed under 

a cool dry sub-humid climate with annual precipitation of 16 to 24 inches 

and mean annual temperature ranging from 38 to 45 degrees F. Theaverage 

frost free period is less than H O  days.

Soil Profile: Bozeman silt loam, Pasture

A u  0-4" Very dark gray (IOlCR 3/1 dry) silt loam, IOIR 2/l moist, 

moderate fine platy structure to moderate fine crumbs, 

soft, friable, and slightly sticky; many clear sand 

grains coating peds, slightly acid to mildly alkaline, 

pH 6.5 to 7.5; clear smooth lower boundary.

A]_p 4-8" Very dark gray (10IR 3/l dry) light silty clay loam;

IOIR 2/1 moist, moderate medium prismatic structure to 

moderate medium and fine granules; hard, friable, slightly 

sticky and slightly plastic; many clear.sand grains coat

ing peds; slightly acid to mildly alkaline, pH 6.5 to 7.5,
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Bi

b21

b22

Gca

clear smooth lower boundary. A]_ is 6 to 12 inches thick.

8-13" Very dark grayish brown (lOYR 3/2 dry) silty clay loam, 

IOYR 2/2 moist, moderate medium prismatic structure to 

strong medium angular blocks; very hard, friable, sticky , 

and plastic; thin continuous clay films on all ped faces 

with many clear sand grains; slightly acid to mildly 

alkaline, pH 6.5 to 7 .5, clear smooth lower boundary,

0 to 6" thick.

13-20" Dark grayish brown (10YR 4/2 dry) silty clay loam, IOYR 

3/2 moist; moderate medium prismatic structure to very 

strong fine subangular blocks; very hard, firm, sticky 

and plastic; moderately thick continuous" clay films on 

all ped faces with many clear sand grain coatings; 

slightly acid to mildly alkaline, pH 6.5 to 7.5, diffused 

lower boundary.

20-28" Brown. (lOYR 5/3 dry) silty clay loam, IOYR 4/3 moist,

moderate medium prismatic structure to strong medium and 

fine subangular blocks; very hard, firm sticky and plastic; 

thin continuous clay film on all ped faces.with thick 

patchy clay films on vertical faces, slightly acid to 

mildly alkaline, pH 6.5 to 7»8, clear wavy lower boundary. 

Bg is 10 to 20 inches thick.

28-48" Pale brown (10YB. 6/3 dry) silt loam; IOYR 4/2 moist;

moderate to weak coarse prismatic structure to weak medium 

and coarse blocks; hard, friable slightly sticky and
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slightly plastic; very strongly calcareous with calcium 

carbonate occurring as thread lime in root cavities, soft 

soil nodules with carbonate films, and•disseminated lime 

flour; gradual lower boundary, 15 to 30" thick.

C 48-64" Light yellowish brown (1Y 6/3 dry) silt loam; I I 5/3 

moist; structureless; slightly hard,, friable, slightly 

sticky and slightly plastic; strongly calcareous, calcium 

carbonate mostly disseminated but some thread lime and. 

soft nodules. '

Range in Characteristics:

The texture is silt loam, except where through deep tillage or erosion, 

part of the B horizon is incorporated into the Ap horizon, the texture is 

silty clay loam. The color of the A]_ or A- horizon (moist) is IOYR 2/l 

black or very dark brown with hues, yellower than 5YR- The B horizon 

has chromas stronger than 2 in hues yellower than 7«5YR. Texture of the 

B horizon ranges from silty clay loam to silty clay with from 30 to 45 

percent clay and having more than 5 percent (absolute) clay than in A]_ 

horizon. Clay in the C horizons ranges from 15 to 23 percent. Depth to 

the Cca horizon ranges from 20 to 36 inches, but there may be small areas 

that are only 15 to 20 inches deep to the Cca horizon. The forms of lime 

segregation are as nodules of limy soil, thread lime in root cavities and 

disseminated lime as a soft floury mass which lightens the soil color by 

one or more values. The thickness of the loess mantle ranges from 3 to 

15 feet or more. Colors are for dry soils unless otherwise stated.

TT T
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Topography:

Maturely dissected upland and Alluvial plains having long smooth, nearly 

level to gentle slopes of 0 to 9 percent, with steep slopes into valleys 

of dissecting streams.

Drainage and Permeability:

These soils are well drained and have a relative high water intake rate. 

Subsoils are moderately permeable.

Vegetation:

Midgrasses and taller species of Rough fescue, Idaho fescue, Richardson 

needlegrass, Alama rostus, sticky geranium, mountain bromegrass and low 

shrubs such as rosebush and snowberry.

Type Location:

Ellis Livestock Experiment Station, Gallatin County, Montana. NW, Sec. 15, 

T2S, R6E. In pasture north of house, 225 feet east of land, 70 feet south 

of fence along south side of U. S. # 10.

Sample Site Location: ■ ■

Gallatin County, Montana, NE^ NW^ Sec. 21, T2S, R6E. In NE corner of 

field south of main road.
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DANVERS SERIES

The. Danvers series comprises well drained, moderately fine textured 

Chestnut soils on high plains and terraces, -bordering the eastern front 

of the Northern Rocky Mountains. The soil parent material is calcareous 

loamy materials of mixed.geologic origin, assumed to be alluvial and 

aeolian deposits that mantle thick very gravelly and very cobbly deposits 

of Pleistocene and Pliocene ages. The rounded gravels, cobbles and stones 

are of limestone, quartzite and granite rocks, imbedded in a highly cal

careous, loamy or sandy matrix. Silt plus very fine sand comprises 

about twice the volume of the coarser soil separates in the parent material. 

Soil Profile: Danvers clay loam (cultivated)

Ap 0-4" Gray (10Y 5/l dry) light clay loam; IOYR 2/2 moist; moder

ate medium granular structure; slightly hard, firm, 

sticky and plastic; noncalcareous; pH 6.3» Abrupt 

boundary. A]_ horizon 3 to 6 inches thick.

4-10n Grayish brown (10YR 5/2 dry) heavy clay loam; IOYR 3/2

moist; moderate medium prismatic breaking to strong 

medium and fine subangular blocky structure; hard, firm, 

very sticky and very plastic; continuous distinct clay 

film on all faces; noncalcareous. Clear lower boundary.

4 to 10 inches thick.

10-14" Gray (10YR 5/1 dry) heavy clay loam with prominent amount 

of fine gravel; IOYR 4/2 moist; moderate medium sub- 

angular blocky structure; hard, firm, very plastic and 

very sticky; continuous distinct clay films on vertical
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■ faces and patches on horizontal faces; roots plentiful; 

intermittently calcareous. Gradual lower boundary. 2 to 

8 inches thick.

Cca 14-34" Gray (10IR 6/I dry) light clay; IOIR 5/2 moist; moderate 

medium and fine subangular blocky structure; hard, firm, 

very sticky and very plastic; few roots; very strongly 

calcareous with accumulated lime disseminated as lime 

flour. Gradual change in color, but clear lower boundary. 

10 to 40 inches thick:'

Dca ' 34-39" Light gray (51 7/2 dry) gravelly sandy loam; 5Y 5/2 moist;

massive; hard, friable, sticky and plastic; few roots; 

very strongly calcareous with soft and hard lime coating 

gravels and much lime flour disseminated. Clear lower 

boundary. 0 to 10 inches thick.

D 39-50" Light gray (51 7/2 dry) very gravelly sandy loam; 5Y 5/2 

moist; massive; loose, very friable, nonsticky and non

plastic; very strongly calcareous with lime disseminated 

. and .coating gravels and sand.

Range in Characteristics:

Danvers clay loam is the dominant type, but gravelly clay loam, cobbly 

clay loam and stony clay loam types are common. In all of these, clay 

in the solum ranges from 27 to 35 percent in the horizon and 33 to 43 

percent in the Bg horizon, with from 2 to 8 percentage points increase 

in amount of clay in B over that in A^. The amount of silt plus very 

fine sand ranges from 40 to 60 percent in horizons of the sola, being
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at least twice the volume of the coarser soil separates. The horizon of 

lime accumulation is prominent and thick, having from 20,to 40 percent 

CaC03 equivalent. Lime is accumulated as lime flour disseminated 

through the soil mass, as lime nodules, as lime coats on underside of 

gravel, and coating gravel sockets-in soil. Color of the sola are of 

the 10YR to 2.$Y hue; The horizon has values of 5 to 4 dry, 4 to 2 

moist and chromas of 2 or 3« Peds in the upper B horizon are organically 

stained^as in the A^ horizon. Structure in the B horizon is strong, but 

is of moderate strength only where the B horizon is very thin in associ

ation with or transition to the Judith soil profile. The gravelly, 

cobbly or stony substrata occurs at depths below about 30 inches and the 

interstitial material ranges from sand loam to clay loam. Colors are of 

dry soil unless otherwise stated.

Topography:

Nearly level to sloping high plains, benches and terraces. Danvers 

occupies slightly lower level positions associated with slightly convex 

swells or ridges (relief measured in inches) occupied by the Judith series. 

Drainage:

Well drained. Runoff is slow to medium; internal drainage is medium. 

Vegetation:

Mid and tall prairie grass associations.

Type Location:

Judith Basin County, Montana, 190' S and 125' W of NE corner. Sec I,

TlSW, R12E.
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HUFFIME SERIES

The Huffine series comprises well drained Chernozem soils developing 

in silty alluvium over very gravelly and sandy deposits on broad fan 

terraces in valleys of • the Northern Rocky Mountains. The distinguishing 

characteristics of the Huffine series -are: (l) a moderately thick very

dark brown or black (moist) A]_ or Ap horizon; (2) a moderately thick 

horizon that is stronger in chroma and has an increase in clay over the 

Al and C horizons; (3) a horizon of. accumulated and segregated lime in the 

C horizon; and (4 ) a loose gravelly and sandy substrata that is essentially 

free of any silt or clay. The Huffine series occurs at elevations of 4,000 

to 6,000 feet, under a dry sub-humid climate with annual precipitation of 

16 to 24 inches; mean annual temperature ranges from 37 to 43 degrees F.

The frost free period is from 90 to H O  days.

Soil Profile: Huffine silty clay loam, small grain

Ap 0-5" Dark gray (lOYR 4/l) light silty clay loam (less than 5 

percent cobbles and gravels); 10-XR 2/2 when moist; weak 

coarse platy structure separating to moderate medium 

granules; hard, friable, slightly sticky and slightly 

plastic;, noncalcareous. Abrupt smooth lower boundary.

4 to 8. .inches thick.

5-15" Dark grayish brown ClOXR 4/2) silty clay loam (less than 5

percent.cobbles .and gravels); IOXR 3/3 moist with IOXR 

2/2d organic stained coatings; weak medium prismatic 

structure breaking to.moderate medium subangular blocks; 

hard, friable, sticky and plastic; thin continuous clay

I
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films; noncalcareo.us. Clear wavy lower boundary. 3 to 11 

inches thick.

Ccal 15-20" Light gray and white (lOIR 7/2 and 8/2) silt loam (less 

than 5 percent cobbles and gravels); 1 0 %  6/2 and 7/2' 

moist; weak medium and coarse blocky structure; hard, very 

friable, slightly sticky and slightly plastic; very strong

ly calcareous with segregated thread lime in root pores 

and in soft floury masses. Gradual lower bpundary. 5 to 

10 inches thick.

Cca2 20-24" Light brownish gray (lOYR 6/2) silt loam; IOYR 4/2 moist 

(less than 5 percent cobbles and gravels); massive 

structure; slightly hard, very friable, slightly sticky 

and slightly plastic; very strongly calcareous with some 

segregated soft nodular lime. Gradual lower boundary.

4 to 6 inches thick.

Cca3 24-35" Light gray (2.'5Y 7/2) gravelly loam; 2.5Y 4/2 moist;

massive structure; slightly hard, very friable, slightly 

sticky and slightly.plastic; strongly calcareous, lime 

coating gravels on all sides. Clear lower boundary. 4 

to 12 inches thick.

D 35-40/" Moderately light to dark colored loose sand and gravel of

mioced lithology that is essentially free of any silt or 

clay; noncalcareous.

Range in Characteristics: '

Silt loam is the dominant type but silty clay loam occurs where soils have

T



been deeply tilled incorporating part of the B horizon. Dry soil color 

of the A1 or A horizon has values of 3 to 4 and chroma less than 2 in 

hues IOlR or yellower. The B horizons have chroma stronger than 2 except 

for organic stains and have values of 4 to 5 in hues yellower than $1R. 

Texture of the Bg horizon ranges from silty clay loam to silty clay, 

with from 30 t0 45 percent clay and having more than 5 percent (absolute) 

clay than in A^. The amount of coarse rock fragments in the sola varies 

from 2 to 20 percent and the depth to the loose incoherent sand and gravel 

ranges from 20 to 40 inches. Colors are for the dry soils unless other

wise stated.

Topography and Physiography:

Nearly level to gently-sloping broad fan terraces shallowly dissected by 

stream courses.

Drainage:

Naturally well drained with the shallow draws receiving large quantities 

of runoff water making them poorly drained. Surface runoff is low and 

subsoil permeability is moderate. Deep drainage ditches have been dug 

in intensively irrigated areas to control the height of the water table 

during the. irrigation season.

Vegetation:

Association of mid and tall grasses of which Bluegrass (Poa sp.) are the 

most dominant. Idaho fescue, Bluebunch wheatgrass. Rosebush,- and Cotton

wood trees are common. The swales and drainages have a higher composi

tion of sedges and other hydrophytes.

54
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Type Location:

Gallatin County, Montana, 800' west, 150» south of Ne 

T2S, R5E, south side of the county road.

Sample Site Location;

Gallatin County, Montana, NW^, Sec. 13, T2S, R5E, 100' 

quonsets in Canada thistle control trials field.

corner. Sec. 21,

N of Agronomy



JUDITH SERIES

The Judith series comprises well drained dark colored Calcisols of 

the Chestnut soils zones developed in very strongly calcareous loamy 

alluvium of Pliocene and Pleistocene ages on high plains and benches 

bordering the eastern front of the Northern Rocky Mountains. The Judith 

series is developed under 13 to 16 inches average annual precipitation 

and about 43° F. mean annual temperature.

Soil Profile; Judith clay loam (native grass cover)

A]_ 0-4" Dark gray (10YR 4/1 dry) light clay loam, containing a few

(less than 5%) gravels; IOIR 2/l moist; moderate fine, 

crumb structure; soft friable; very slightly calcareous; 

pH 8.0. Clear smooth lower boundary. 3 to 7 inches thick. 

AC 4-7" Grayish brown (lOIR 5/2 dry), light clay loam with less

' than 5% gravel; IOIR 3/3 moist; compound structure of weak 

very coarse prisms and weak fine granules; soft, friable; 

moderately calcareous without segregated lime other than 

the stalastite lime casts, on undersides of a few gravels 

and cobbles; pH 8.2. Clear lower boundary. 3 to 10 inches 

thick.

Cca 7-2611 Light brownish gray (lOIR 6/2 dry) clay loam; grades to 

light gray (lOIR 7/2 -dry); IOYR 4/2 grading with depth 

to 6/2 moist; strong fine granules arranged in weak 

medium platy structure; compact when dry; permits little 

. root penetration below 13 inches; hard granules, friable; 

very strongly calcareous (est. 35% CaC03 eq.) with slight

56
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difference in lime distribution visible in 50$ fine 

white mottlings; few gravels and cobbles (less than 10$) 

are lightly lime coated on top and upper sides but have dis

tinct casts on undersides; pH 8.2. Clear lower boundary 

10 to 30 inches thick.

Dca 26-40" White (lOYR 8/2 dry) very gravelly sandy clay loam; 10YR 

7/2 moist; 75$ of volume is gravels and cobbles including 

25$ cobbles; massive structure; very compact in p]ace; 

hard but not cemented, friable; very strongly calcareous 

with thick lime casts on.underside of gravels and cobbles, 

some with yellow stains on stallstites; estimated CaC03 

equivalent is 40$ of soil less than 2 mm. in size; pH 8.6. 

Gradual lower boundary. 10 to 40 inches thick.

D 40-60" Light gray (lOYR 7/2 dry) very gravelly coarse sandy loam,

with 70$ volume being gravel and cobbles; lOYR 6/3 moist; 

single grained structure; loose but compact in place; 

strongly calcareous with estimated CaC03 equivalent 30$ 

of fine earth; many gravels and cobbles with lime casts 

and many without lime coating.

Range in 'Characteristics:

Clay loam and loam with gravelly and cobbly phases are dominant in the 

Judith series. The horizon may be calcareous or noncalcareous and 

ranges in color between hues of 2.5Y and 7.5YR with chroma of I to 2 and 

dry soil values of 3» to 5« Segregated lime is identified as pure lime 

coatings around and under sides of gravels, cobbles and stones. The



CaC03 equivalent ranges from an estimated 30 to 30% in the ca horizons 

with less than about 10% difference in amount of lime in horizons of the 

soil profile below the A]_ horizon. The large amount of gravels, cobbles 

and stone makes up from 50 to about 80% of the soil volume in the limy 

loamy substrata; but profiles having few or no stones in substrata hori

zons are undifferentiated inclusions making up less than about 15% of the 

area of the Judith soils. Colors are of dry soil unless otherwise stated. 

Topography:

Nearly level high alluvial plains adjacent to the eastern front of the 

Northern Rocky Mountains. Convex slopes on tops and sides of low (l to 

3 foot relief) ridges through areas of Danvers soils. Sloping sides of 

valleys and hills in stream dissected high terraces.

Drainage:
f '

Well drained. Runoff is slow to medium. Internal drainage is medium. 

Vegetation:

Needle and thread, Blue grama. Prairie junegrass, threadleaf sedge, and 

fringed sagewort.

Type Location:

Judith Basin County. 1320 ft. west of corner. Sec. 29, T1?N, RUE, 

35feet south of fence.

58
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LOBERG SERIES

The Loberg series comprises thick solum Gray Wooded soil developed in 

moderately fine textured materials weathered from shales, sandstones and 

coarse grained igneous rocks. Igneous traprock is the dominant rock 

material at the type location but soils developed over thinly bedded 

porous sandstone and shale, with identical profile characteristics included 

in the series. The horizon sequence includes (!) a forest litter of unde

composed leaves and twigs, (2) a humus layer, (3) an eluviated horizon 

which is high in silica and gray in color, (4 ) a horizon of clay accumu

lated with blocky structure and distinct clay films on the ped faces, along 

root channels, and on faces of stones, and ($) a C horizon of slightly 

weathered permeable transported or sedimentary materials. The Loberg 

soils occur at elevations between 5200 and 6000 feet. The mean annual 

temperature ranges from 40 to 42°F.

Soil Profile: Loberg Stony loam, Native Cover

Aqo & s-O” Forest litter and thin humus layer mixed with some inor- 
AO

ganic soil.

A21 0-3" Light brownish gray (lO.YR 6/2) silty loam; 7/5YR 3/2 when

moist; weak .medium plates breaking to moderate medium 

crumb structure; soft, very friable, slightly sticky and 

slightly plastic; noncalcarecus; less than 5 percent 

coarse fragments; clear smooth boundary.

A22 3-7" Light brownish gray (lOIR 6/2) silty loam; 7-5YR 3/2 moist;

weak medium and fine subangular blocky structure; slightly 

hard, friable, slightly sticky and slightly plastic; •,/.
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noncalcareous; few fine pores and vesicules; less than 

5% coarse fragments; clear wavy boundary.

A2 & 7-16" ■ Light brownish gray (lOIR 6/2) for A0, and grayish brownB2 . . .  - - ^
.(lOYR 5/2) for B2, silty, clay loam; IOIR 4/2 when moist

for A2, and IOIR 3/2, faces, 4/2 crushed, for B2; weak 

medium and coarse angular blocky structure; slightly hard, 

friable, sticky and plastic; noncalcareous; thin discon

tinuous clay bands and common fine pores; less than 5 per

cent coarse fragments; clear wavy boundary. (Estimated 

15 to 20 percent of 7-16" depth is B2 — thin clay bands 

and spots.)

B2]_ 16-27" Light gray (10IR 7/2) sand coatings, crushing to IOIR 4/2,

silty clay; IOIR 4/2 moist, with common distinct mottles of 

3/2; moderate coarse prismatic and strong medium and fine 

subangular blocky structure; very hard, firm, very sticky 

and very plastic; noncalcareous; continuous distinct clay 

films on all faces; common lightly stained sand grains; 

less than 5 percent coarse fragments; fine pores; roots 

plentiful along structure face's; gradual wavy boundary.

B22 27-42" Gray (2.5IR 5/l) and brown (lOIR 5/3 gravelly and stony

clay, with ped faces of IOIR 4/2; 2.5YR 3/2 when moist, 

.with clay pockets of IOIR 4/2 and 3/2; moderate fine 

blocky and strong fine blocky structure; very hard, firm 

very sticky and very plastic; noncalcareous, continuous 

clay films on all faces with thick patches of clay films
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on vertical faces; 50 percent coarse fragments of which 

20 percent are gravel size. Some gravel and stone 

weathered .in place.

C 42-54/" Light brownish gray (IOYEt 6/2) very gravelly and stony 

silty clay loam; IOYR 4/3 moist; massive; hard, friable; 

slightly sticky and slightly plastic; thick patches of 

clay films on top of gravels; 65 percent coarse fragments, 

of which 40 percent are gravel size; noncalcareous.

Range in Characteristics:

A thin immediately below the humus layer is present in some areas and 

there is tonguing of the A^ into the texture B in some areas to depths as 

great as 24 inches. Textures in B and C horizons range from clay loam 

and sandy clay loam to clay and sandy clay with range of from 35 to 50 

percent clay. Rock content in the profile varies from nearly stone-free 

to about 50 percent, with stones scattered on the surface and through 

the soil. Porous clays or clay loams extend to depths greater than 

three feet over any residual strata.

Topography:

Gently rolling to strongly rolling with 5 to 35 percent smooth.convex 

slopes dominating, but includes land slips with entire range of slopes 

from concave to convex.

Drainage:

Good to moderate surface drainage with moderately slow internal drainage 

because of clay texture of subsoils and substrata.

I
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Vegetation;

Dense conifer forest of fir or lodgepole pine or combination of these. 

Understory vegetation includes pinegrass, Oregon grape and snowberry. 

Type Location:

Approximately 800's and '200'w of center of Sec. 22, T19N, R9E in 

Highwood Mountains in Judith Basin County, Montana.

Sample Site Location;

Gallatin County,. Moptana. 30,0' SW of bridge across Middle- Creek, ■ just

above Langhors Campground and 1,5 miles below Hyalite reservoir.
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Contact Angle Formula For Angles ^  90°

/EDA = /BAD = /BDC = 0 -  90°

sin /EDA - h-w/2 = 2h -I where r = w/2 
w/2 w

sin (0 - 90°) = 2h - I 
w
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Contact Angle Formula For Angles s;90°

Mack's (1936) Formula

tan Q = 2h h = r-y w = 2x 
2 w

tan Q — 2(r-yj - r-y 
2 2x %

Half Angle formula

tan 0 ■ I - cos Q cos Q - y sin O =  x
2 sin 0 r r

tan 0 = 1-y/r = r-y . r - r-v 
2 ~Wr~ r x x
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