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THTRODUCTION

It is apparent that knowledge of the clay mineral constituents of
goils is becoming increasingly important. Many studies have been con-
ducted in recent years to determine the effects of specific mineral
groups on the physical and chemical properties of soils and, ultimately,
their effect on plant growth.

A knowledge of the kinds and amounts of clay minerals present in
g soll which presents agronomic problems is helpful in making recommven-
dations for most effective and efficient use of that soil. The genetic
relationships which exist between the mineral in soil profiles and those
in soil parent materiaels aid in the characterization of soilgs and con-
tribute to more sound soll classification,

Dennis and Parsous solls occupy extensive acreage in eastern Okla-
homa and adjoining states. They are agronomically important and are
intensively farmed. The Dennis series 1s representative of the Prairie
Great Soil Group while the Parsons is a typlcal Plancsol., The two soil
geries are associated geographically and are related genetically. They
are developed from similar parent material but exist in different stages
of morphological development,

The purposes of this study were: (1) to identify the kinds and
amounts of clay minerals present in each horizon of the two soll series,
Dennis and Parsons, and (2) to evaluate the clsv mineral contents of the
genetic horizons of both soil profiles as keys to morphological develop-
ment within the respective soil profiles and as keys to the genetic

relationships which exist between the two soll series.



REVIEW OF LITERATURE

Methods of Anslysis

The clay minerals are of fundamental importance in the soil., Since
their recognition as crystalline materials (17, 29), many detailed in-
vestigations have been conducted to determine the specific types snd
amounts of minerals present in soils, The common ¢lay minerslsg in soils
ere classified into five broad groups as follows: {1) The montmorillo-
nite group, (2) kaolinite, (3) illite, (4) vermiculite, snd (5) the mixsd
lavered minerals,

Success in proper identification and estimstion of amounts of clay
minerals is dependent upon the investigator's knowledge of the struc-
tures of clay minerals and the methods he used to identify these struc~
tures.

Cation exchange capscity, ethylene glycol retention, snalysis of
chemical constituents, differential thermal analysis, X-rsy spectro-
graphic analysis, dehydration curves, dye adsorption, optical propers
ties snd electron microscope examination have been used for identifying
élay minerals.

Unless only one clay mineral is present in s soll ¢lay, two or
more of the given methods are necegsary for identificstion of the mine
erals in a soil clay.

The principal involved in the methods of analyses used are as

follows:



X-ray Anslysis

ture of a material, is beamed through a crystalline material, it is
diffracted upon striking any plane surface., Kelley, Dore and Brown (29)
and Hendricks and fry (17), using X-ray equipment, establisghed that soil
colloids, formerly thought to be amorphous, were crystalline meterials.
Other investigrtions, (46, 17, 33), have established that each group

of minerals have X-ray diffrsction lines that are common to that group,

although several lines are common to all of the cley minerals. Using

detected in a diffractive pattern,
Whiteside and Marshall (52), outlining procedures for X-ray snaly-
sis of clays used the llnes shown in the following chart for positive

identification of specific minerals. Gruner (15) suggested the diffrac-

tive lines shown Tor vermiculite,

Xwray Diffraction Lines of Minerals

Common to Montmoril- Vermic-
21l Minersls Quartz Kaolinite Illite lonite ullte

anggtrom units

bk bol 7.2 10,0 7oh 139
2.5 3.3 3.6 5.0 3.1 9.2
3.3 53

The X-rav spectrometer as used by Jefferies (26) was efficient in
clay mineral analysis, The diffractive pattern 1s messured by use of
a recording goniometer and gieger tube attachment. With these attach-
ments the angle of diffrsction and inftensity of the beam diffracted are

measured snd recorded automatically.



Cation Exchange Capacity

The cation exchange cspacities of cley mineresls stem directly
from their structural composition, Marshall (37) found that the ex-
change properties of the minerals of the montmorillonite group are due

to lower valency ions replecing silica in the tetrahedral sheet, leav-

ing the mineral with a net negative charge to be satisfied by other ions.

Grim (12) states that broken bonds by mechanical loss of minerals
around the edges of silica-alumina units are responsible for a portion
of phe exchange capacity. He states that this portion is relatively
small and thet the remerinder =and mejor portion of the exchenge results
from unsatisfied charges within the lsttice structures.

The number of broken bond valences increases with a decresse in
particle size. Kelley and Jenny (30) found that grinding incresses
exchange capacity. Johnson (27) recognizing this increase, and using
graphs of curves in which one ordinate is the incresasing exchsnge cap-
acity and the other the decreasing equiv~lent spherical diameter, con-
tends that with particles of very small dismeter, such as montmorillo-
nite, sll of the exchange properties sre ceused by broken edge bonds.

Marshall (37) found the structure of kaolinite to have its internal

charges satisfied and attributed sll of its exchenge properties to broken

edge bonds,
The different numbers of exchange positions presented because of
structural differences between the mineral groups in a given quanity

of material provides a tool for identification of that material.



Ethylene Glycol Retention

Hendricks and Jefferson (19) investigated water adsorbed on ex-
ternal clay surfaces and between the lsttice layers of clay minerals.
They found, through X-ray examination, that layers of water molecules
are held on the plene surfeces of cley lattices in net-like hexagonal
configurations, The individual molecular layers sre 3.0 Angstrom units
thick and sre held to the plane surfaces by = force that obeys the laws
of Van Der Waal's forces.

Bradley (5) leter found thet certein alcohols could be introduced
into a clay-water system and completely replsce the water., He postu-
lated that the algohols assumed a layer configuretion on the plane sur-
face by CH--0 bondings with oxygen atoms within the mineral.

McEwan (34) working with montmorillonite and glycerol, saturated
a clay sample with an excess of ethylene glycol, boiled the mixture
to remove excess water, and examined the materisl with X-ray equipment.
He found th-t the long complex molecules of ethylene glycol arranged
themselves prerallel in a layer configur~rtion on the surface of the lat-
tice plenes. He found them to be held by CH--0 groups as postulated
by Bradley (5). MacKenzie (35), working in the geme laborstory as
MacEwan (34), found that ethylene glycol replsces water in a molecular
ratio thet conforms to the hexagonal net configurrtion of Hendricks
and Jefferson (19).

Dyal and Hendricks (10) with this bnckground of work before them,
introduced a gravimetric procedure for measuring the interlsyer expan-
sion of clays.

In their procedure, a clay saturated with en excess of ethylene

glycol is subjected to evaporation and the ethylene glycol reduced to
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8 mono-molecular layer, covering the surfrce of the clay. Ethylene
glycol retsined by the cley is messured by weighing., The surface area

of the clesy is computed by insertion of the proper vslues inte the

equation,
Surface (glycol retained/gram clay) _
Area = {area covered/pgram mono-moleculsr lsyer glyeol)

Bower and Gerschwend (4) later modified the procedure of Dyel and

Hendricks (11) on clays, to one that is spplicsble to whole soils.

Electron Microscone

The revolving power of the electron microscope enables & direct
magnification of 3,000 to 15,000 diameters. Further magnifications
are possible by photographic means. Magnificetions of this megnitude
enesble the eye to distinguish differences in physical chsracteristics
of materials the size of clays.

With the electron microscope, an electron source is focused through
an aperture onto a fluorescent screen, The specimen to be viewed is
mounted on a thin collodion film and placea in the psth of the electron
beam. The specimen deflécts a portion of the focused beam of electrons,
end causes its image to appear as a greatly magnified shedow on the
fluorescent screen.

The value of the electron microscope in identifying mixtures of
meterials found in soil clays was demonstrated by Bramo, Cady, Hendricks
and Swendlow (6). They identified hexagonal keolinite particles and
rod sheped particles of hslloysite which were indicated to be present

in 2 sample by Zeray analysis.



Differential Thermal Analysis

When clay minerals are heated at a gradual and uniform‘rateg they
volatilize adsorbed water at low temperatures and laﬁtice (OH) ions at
higher temperatures, The volatilizestion of water, either asdsorbed or
lattice ions, is accompanied by energy absorption. An inert msterisl
which is heated at the same rate looses water at a constant rate, A
thermocouple which is inserted in two materials during heating enables
a2 graph to be constructed showing peaks at which water ls volatilized
from the clays. This is indicated by the difference 1n the temperature
of the two materials.

Endothermic pealks caused by losé of water, and exothermic peaks
in the graphs caused by recrystallization within the mineral lattice,
oceur within definite temperature ranges thest are characteristic of
each mineral group, Oreel and Caillere (43) first showed these peaks
to have value in clay mineral investigations, Grim, Bray and Bradley
(13) have shown that the sharpness of the peaks in a mixture is depend-
ent upon the components of the mixture. Kerr, Kulp and Hamilton (31)
end Norton (41) have found that reproducible results in thermal analysis
are dependent upon the pascking of the materizl in the specimen holder,

Norton (41) in attempts to use thermal analysis as = quantitative
measure of clay minerals, found thet in graphs of the endothermic and
exothermic peeks, the heating rate affected the height of the peaks and
the temperature at which they occurred but hasd very little effect on
the sectional area under the curve, BHe proposed a mathematicsl index
to compute the quantity of specific minersls present in = mixture, using
the sectionel area of the curve as a criteria,

The sensitivity of thermal analysis for a given mineral is depen-

dent upon the intensity of its thermal reaction, Orcel and Caillere (43)



examining known mixtures, found they could detect kaolinite in mixtures
as low as three percent and montmorillonite in mixtures containing twenty

percent montmorillonite,

Clay Minerals

The Montmorillonite Group

Rossﬂmnd Hendricks (47) recognized the montworillonite group to
consist of the minerals, montmorillonite, beidellite, nontronite, sap-
onite, and hectorite.,

The montmorillonitic group has the gener:1l formula (11) of
AL, Sig Op <OH)4 (H,0)y and consists of gtructural units of one
gibbsite sheetb, (A14 Og 0H,), of octahedral configurstion between two
silica sheets, (814 06)9 having tetrahedral configuration. The min-
erals within the montmorillonite group are charncterized by substitu-
tion of other cations for those originally in either the gibbsite or
the siliea sheet,

Montmorillonite usualiy has Mg12 substituted for A1+ in the
gibbsite sheet, Shponite is characterized by complete replacement of
A'l.“s‘3 in the gibbsite sheet with l‘flg'y'z.’9 with some replacement of R
by Al*B in the silica sheet, Hectorite is very similar to saponite,
but differs because of Li*l substitution for a portion of the Mg*z
in the gibbsite layer, Nontronite has some 2173 substituted for Si+h
in the silica sheet, but is characterized by the substitution of T3
for A1*3 in the gibbgite laver. Bsidellite hag the gibbsite layer
intact, but has some substitution for A1*3 for Si+4 in the silica sheet,

The montmorillonite group is charscterized by its swelling char-
acteristics, caused by water adsorption (19) between the lattice layers

of the clays.



The group is most easily identified by X-ray analysis. MacEwan
(33) established a definite 17.4 Angstrom basal line that was detect-
able with as little as one percent montmorillonite. The bagal exchenge
capacity of the montmorillonite group is higher thsn thet of other
groups of minerals. This is because of more isomorphous substitution
within the lattice sheets leaving unsatisfied wvalence chsrges. Invest-
igators (47, 8, 30) have found the exchange capacity to vary from 60 to

120 m.e. per 100 grams of clay.

has been shown by Martin (39), Martin and Russell (40), and Wilkinson
and Gray (53) to be a valuable criterion in estimesting specific amounts
of expanding lattice colloids present.

The strong endothermic reactions measured at low temperatures by
differential thermsl curves sre definite criteria in montmorillonite
identificetion (31). Methods have been suggested by Norton (41) for
measuring the area under the curve in the graphs of their endothermic
reactions #s a quantitative estimate of the minersl present.

Differentiation between minerals within the montmorillonite group
can be accomplished by total chemical analysis of the constituents
present (47) and use of the electron microscope.

Marshall, Shaw, Humbert =nd Caldwell (32), in detailed studies
with the electron microscope, showed physical differences between
minerals of the group. Montmorillonite, beidellite, =nd saponite were

shown to have fluffy plates with irregular edges. Hectorite wss found

structures, These observations have been confirmed by Shaw (48),

‘Humbert snd Shew (21), and Bates, Hildebrand snd Swineford (3).
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The Kaolinite Group

Kerr, Kulp, end Hamilton (31) recognize four minerasls in the
kaolinite group: Kaolinite, dickite, nescrite and halloysite. A
fifth mineral, anauxite, was considered by Ross and Kerr (46) to be a
member of the group, but later investigations have caused Kerr, Kulp
end Hamilton (31) to consider the minersl an impure keolinite con-
taining amorphous silica. |

The ksolinite group hes the general chemical formula of
A1, 0p4 si, (OH)g. The structure (11) of the mineral group is com-
posed of units of one gibbsite sheet, Al; Oq1g (OH)S, of octahedral
configuration and one silica sheet, 51, Og of tetrahedral configuration.,
- The minerals kaolinite, dickite and nacrite differ from one snother only
in the manner of stacking of units in layer formations (46). The gib-
bsite sheet in halloysite is curled sround the silica sheet, giving
this mineral a tube-like structure,.

Bates, Hildebrand, and Swineford (3) propose an explanation for
the tube~like structures of heslloysite. They state that the nonecon-
formity of oxygen distances in the silica lsyer to hydroxyl-hydroxyl
groups in the gibbsite sheet in kaolinite, nacrife, and dickite cause
the hydroxyl groups to bend to conform to the oxygen unit spacings. In
halloysite, the hydroxyl groups do not hend, These groups when ex-
tended to their full unit distances cause a» curveture of the gibbsite
sheet which causes the tube-~like structure of hslloysite.

The struectural units of the kaolinite group mre-held very closely
by chemical bonds that allow no lattice expsnsion by water adsorption.
Although there is little isomorphous substitution of ions within the

lattice units, Marshall (37) states that there is no theoretical resson
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why highly reasctive 1:1 lattice msterials with isomorph&us substitu-
tion and interlayer expansion could not exist,

Positive identification of the minersls of the kaolinite group
can be obfained with either differentiasl thermsl analysis, X-ray dif-
freetion pafterns, and in the case of halloysite, the electron micro-
scope, E _

With differentisl thermel analysis (41, 16) the loss of crystsl
lattice water between 575° to 700° C., causes a pronounced endothermic
reaction that is charscteristic to all the minerals of the kesolinite
group, Orcel and Caillere (43) found this resction to be detectable
in mixtures of clay minersls where ksolinite constituted ss little as

~

three percent of the mixture.

| Whiteside and Marshell (52) have identified kaolinite with X-rey
diffrection patterns using the first order bssal spscing of 7.2 fAngs-
troms plus other basal lines that are charscteristic to the minersl
group. Bates, Hildebrand and Swineford (3) suggest identificstion of
halloysite with X-ray diffraction patterns by 10.2 Angstrom line thet
collapses upon dehydration. Kelley (28) states that kaolinite cannot
be detected by X-ray equipment in concentrations of less than five
percent.

The low exchange capacity (3 to 12 m.e. per 100 g.) of kaolinite
is rerely revealed in a mixture. Contaminstions of higher exchange
materials, even in minute quantities, tend to mask its low exchange

properties.

The Illite Group

The name illite was proposed by Grim, Bray, and Bradley (13) in

/1937 for a group of clay minerals of the mica group. It hes the
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general formula (16) of K Al; Siz 01 (OH)p (HOH)x. Illite is composed
of one gibbsité sheet between two silica sheets, similar to the struc-
ture of the montmorillonitic minersls.

Grim (12) found that about one sixth of the Si*A in the silieca
sheets is repleced by A1+3 from the Alumina sheet, This replacement
leaves s strong negetive cherrge within the structure of the mineral.

The deficiencies within the gibbsite sheet are usually filled by K+l
ions.

Because of the unsatisfied chasrges left by the replecement of Si+h
by Al*A, the negative charges that supplies most of the exchange vositions
for the minersl are found on the outer silica layers.

The presence of potassium ions between the interlayers of the
mineral prevents water adsorption and expansion common to the minerals
of the montmorillonite group.

The limits in range of structursl and chemicasl charescteristics
of illite are thought by Grim (12) to be gradstionsl from a well crys-
tallized, inert mica to an expanding lattice, highly active montmorill-
onite,

The material selected by Grim, Bray and Bradley (13) to be a
representative sample of the meterisl they chose to call illite con-
tains from 4.7 to 6.9 percent K-0 and has a bese exchenge capacity
that varies from 20 to 35 m.e. per 100 grams clay. X-ray examination
of the meterial reveals a 10.1 Angstrom l-ttice spacing that is un-
affected by dehydration. Aldrich, Hellman, and Jackson (1) and Jackson
and Hellman (22) have reported the presence of micaceous materials that,
when fully hydrated, have lattice spacings of 12 to 13 angstroms. These

values could be within the range of illite, or they could be evidence,
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as stated by Grim, Bray, and Bradley (13), that additional separations

should be made within the illite group and 2 new name proposed,

Vermiculite

Walker (51) states that vermiculite is a secondary mineral pro-
duced by the decomposition of mica., The structure is similsr to mont-
morillonite, differing from it in the strength of bonding between the
successive layers. Hendricks and Jefferson (18) assigned it the chem-
ical formule of (OH)3 (Mgy o5 Fe ) (Aly a5 Siz 75) Oy 3.5M0.

Identificetion of the minersl by X-ray eguipment is azccomplished
by the presence of a strong 14.1 Angstrom second order besal line that
is reduced to a 10.5 Angstrom line by boiling the clay minersl in sn

ammonium solution (51). Walker (51) states that the maximum cetion

exchange capacity of the material is 130 m.e. per 100 grams of clav,

Mixed Lavered Minerals

Numerous investigators (18, 14, 22, 2) heve reported claf minersls
with interstratifled layers of more than one type clay minersl.

Grim (12) states thet orientation of mixed-layered groups of min-
erals is possible, and thet these groups could be as stable as single
unit mineral groups. He contends thet these mixed-layered groups may
be of two types: (1) Regular repetition of layers, stacked slong the
C-axis, and (2) Random stratification of lavers in the direction of
the C-axis. Hendricks and Alexander (14) state that mixed layered
structures sre thought to be very common is soils.

Detection of mixed layered minerals is difficult. Careful X-ray
techniques sre required, Diffraction pstterns of regulsrly inter-

stretified layers of different minerals are a multiple of the individual
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minersl units, within the composite structure (12)., The pattern of
randomly stratified minerals differs little from that of the dominant

minersls within the stratified group,

Clay Minersl Weathering

Jackson, Tyler, Willis, Barbeau and Pennington (24) mske the
will be the last to weather and will accumulste within specific gize
ranges, The presence or absence of a mineral or minersls within s
size renge when they are present in the raw perent material indicates
a stege of weathering. They also postulate thet one collodial material
may be parent material for a succeeding mineral, and that this type of

weathering

Dy

where it occurs, is reversible.

They propose a sequence of minersls with verying resistances to
westhering., The successive stages for a key to clay mineral westhering
are:

1. Cypsum (also halite)
2. Calcite {also dolomite, sragonite) (apatite)”
3, Olivine-~hornblende (also diopside)
4. Bilotite (also glauconite, chlorite, =ntigorite, nontronite)
5, Albite (also anorthite, microcline, stilbite)
6. Quartz (also cristobalite)
7. Illite (also muscovite, sericite)
8. Vydrous mica~intermediates (intermediate and vermiculi’t,e).'vr
9. Montmorillonite (also biedellite etc.)

10. Kaolinite (also halloysite)

11. Gibbsite (also boehmite) (allophane)%
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12, Hematite (also goethite, limonite)

. .- . . 3
13. Anstase (also rutile, ilmenite, corundum) (zircon)

*Modification by Jackson, Hseung, Corey, Evans and Vander Heuvel (23).
Minerals from stages 6 to 11 of the seguence are most common in
goll clevs, usually with one or two minerals dominent, and with de-
creasing smounts of sdjscent minerals with remoteness from the dominat-
ing materisl (24). The rate of weathering from one stage to snother
is considered to bhe a result of the factors of (temperature, water
“relationships, acidity, and oxidation-reduction) (the surface nature
of the material).
Efforts to correlrte the clay mineral group found in a soil to
the factors of soil formetion; climste, vegeltetion, relief, pesrent

material and time, have met with verying degrees of success (20,52,55).

characteristics to have westhered from parent materials of widely
varying chemicel composition, Whiteside and Marshall (52) found simi-
lar types of minerals developed from the same parent materisls but in
different total amounts. Pearson and Ensminger (44) found a wide
difference in species of clay minerals developed from different parent
meterials. Buehrer, Robertson and Deming (7) have shown the same clay
mineral type to be present in several alluvisl soils of widely varied
origin, Grim (12) believes the effect of the parent rock on the re-
gulting elay mineral to be relatively short lived in humid regions.
Alexander, Hendricks, and Nelson (2) examined two different parent
materials in Hed and Yellow, snd Gray Brown podzolic soils, In each
great soll group, ksolinite was found to be the dominant clay mineral

with lesser amountsg of other minerals present in the ssmples.
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Winters and Simonson (55) reported the clay minerals found to
be present‘in the subsoils of PodZols, Laterites, Chernozetis and Desert
soils. Contrary to Alexander, Hendricks and ﬁeléon’s (2) findings, they

found the subsoils of Podzols to be dominantiy illite with lesser amounts

of montmorillonite and kaolinite, They found the clays in Lateritic seciis

ks

a8t

L

to be dominantly kaolinite while those in thebﬁﬁernozems ware 111it
monfmbrillonite, and those in the Desert soils wére méntmorillonite and
illite,

Weathering of the clay minersls has been shown by Pearson and
Ensminger (44), Buehrer, Robertson =nd Deming (7}, and Humbert snd
Marshall (21) to be most intensive in the surface horizons of soil and
to decrease in inténsity with depth. This is in accord with the sc-
cepted theories of profile development and soil formation.

 Particle size is thought to be a key to weathering steges. The
minersls which are more resistant to weathering will persist in greater
quantities in the finer sizes. The fact thst the keolinite crystals
are able to grow,'probabl& éccounts for the ability of kaolinite to be
more resistant to‘weétherinétthan montmorillonite (24).

Pennington and Jackson (45) found = distinct gseparation of min-
eral groups into size fractions, Kaolinite was found to segregate
into size fractions greater than .08 micron with most of the particles
largér than .2 micron.: Illite was found in all frrctions but was
ususlly segregated into fractions lrrger thsn .2 micron., Montmorillon~
ite, on the other hand, was found to be dominent in the fractions less
than .08 micron. These observations are borne out by the work of other
investigators. Larson, Alloway, and Rhodes (32) found montmorillonite

to dominate in clays less than .2 micron in diameter and illite in
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cleys 2 to .2 micron in dismeter. Colemsn and Jackson (9) found
quzrtz =nd kaolinite to be dominsnt in cleys 2 to .2 micron in size,
with montmorillonite dominsnt in the less than .2 micron clays.
Whiteside and Marshall (52) also noted the segregetion of ksolinite

into the coarser size fractions.



MATERIALS AND METHODS

The soils used in this investigation are of the Dennis and Parsons
series, The two series occupy extensive areas in eastern Oklahoma,
They are agriculturally prominent because their combined areas dominate
the mature soils of the gently sloping to nearly level upland areas
within this region.

Morphologically, the Dennis series is recognized as a southern
Brunizem and the Parsons series as a Planosol in the Reddish Prairie
soils, In a catena relationship, the Dennis series occuples gently
sloping areas above level or nearly level slightly convex areas of

Parsons, The profile description are as follows,

Dennis Silt Loam

Location: Wagoner County, Oklahoma; 3% miles northwest of Wegoner,

Six hundred feet east and two hundred fifty feet north of the south-
west corner, Section 29, T18N; R1EE,

Site: Gently sloping, erosional uplend with a convex surface and grad-=
ient of 1} percent. The ares is a native bluestem meadow of good vigor
and density.

Profile:

A1.1  0-12% Very-dark-grayish=brown (10YR 3/2; 2/2 when moist)
silt loam; moderate fine and medium granular; frisble; porous and
permeable; pH 6.0; grades to horizon below.

As 12-16" Very-dark-grayish-brown (10YR 3/2; 2/2 when moist)

heavy silt loam; moderate fine and medium granular; friable, porous.and
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permeable; = few fine reddish-brown specls occur around rootlet che=n-
nels end fine pores; pH 6.0; grades to horizon below,

By 16-26" Grayish-brown (10YR 5/2; 4/2 when moist) silty clsy
losm with common, medium distinet reddish-brown and strong-brown mot-
tles; moderste, medium subangular blocky to cosrse granulasr; frisble to
firm; fine black concretions snd a few rounded siltstone fragments; pH
6.0; grades to horizon below.

Bp 26-31" Grayish-brown (10YR 5/2; 4/2 when moist) silty clay
with meny medium, distinct reddish-brown, strong-brown #nd yellowish-
brown mottles; moderate medium subsngulsr blocky: firm; slowly perme-
sble; fine black concretions and a few rounded siltstone fragments; pH
6,0; gredes to horizon below.

B3 31-40" Crayish-brown (10YR 5/2; 4/2 when moist) silty clay
with meny distinct, coarse yellowish-brown and reddish~brown mottles:
compound weak coarse blocky and moderate medium subangular blocky: firm;
slowly permeable; a few fine rounded siltstone fragments; many coarse,
prominent, very dark-brown accretions arranged psrtly in vertical pat-
tern following the natursl cracks; pH 6,0; grades to horizon below,

Cq 4LO~541 Grayish-brown (10YR 5/2; 4/2 when moist) clay with
many coarse distinet yellowish-brown mottles, werk blocky; firm; hard
when dry, plastic when wet; & few fine rounded siltstone fragments; fine
coneretions snd medium to cosrse sccretions numerous; pH 6.0; grades to
horizon below.

<

C 572" Light-brownish-gray (1OYR 6/2; 5/2 when moist)

2
light clay with many coarse, distinet yellowish-brown mottles and
common, medium to coarse black concretions and accretions forming

rounded pockets; wesl blocky; firm; hsrd when dry, plastic when wet;

pH 7.0, This is only partially altered shale,
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C3 720" Mottled brownish-yellow (10YR 6/7; 5/8 when moist)
and gray (10YR 6/1; 5/1 when moist) light elsy with & few medium con-
cretions and soft, black accretions forming pockets in the mass. This
is weakly blocky, partially altered shale of neutral reaction,

The prrent materials are slightly acid to neutrasl ssndy sheles,
sandstones, and intercalated clayey shales of Pennsylvania age.
fssocisted with it nearby are small sreas of Parsons soils on sreas
of nearly level relief, while the hilly lands to the north and south
are occupied by Collinsville and Talihina saiis. Dennis develops in
meterisls of intermediate texture aversging about silty cley loam or
light clay. Parsons forms in more clayey beds on gentle slopes and

flats.

Parsons Silt Loam

Location: Mayes county, Oklahoms; 1% miles west of Adair, 1280 feet
west and 100 feet south of the northesst corner, Section 32, T23N;
R19E,

Site: In nearly level erosionsl uplend with plene to weak convex sur-
faces and gredient of sbout # percent. It is in = netive bluesten
meadow with a thick, wvigorous, growth of grass.

Profile:

Ay 0-06" Dark-grayish-brown (10YR 4.5/2; 3/2 when moist)

silt loam; weak to moderste medium granular; friable; pH £.0; grades
to horizon bslow.

Ai_p  6=107 Dark-grayish-brown (LOYR 4/2; 3/2 when moist) silt
loam; weak to moderate medium granulsr; friable; conteins a few splotches

of lightnbrownish grey and a few fire dark-brown specks about the root

holes; pH 5.8; grades shortly to horizon below,
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Ay o 10-14" Light-brownish-gray (10YR 6/2; 5/2 when moist) silt
loam with meny medium distinct dark-brown mottles; weak medium granular;
friable; permeable; pl 5.8; grades shortly to horizon below.

Ay »  14-16" Light-brownish-gray (10YR 6/2; 5/2 when moist) silt
loam with many medium, distinct derk-brown mottles; porous messive;
friasble; permeable; a few fine balls of derk-brown clay in lower one-
half inch; pH 5.8; rests on horizon below.

Byl  lé-22" Very-dark-grayish-brown (10YR 3.5/2; 3/2 when moist)
cley with common, medium, distinct strong-brown mottles; wesk coarse
blocky; very compact; very slowly permeable; sides of peds strongly
coated with light gray films; strong vertical cracks; pH 6.0; grades

to horizon below.

Bo_2  22-28" Much like the layer above, but dark-brown (10YR 3.5/3;
3/3 when moist) clay with a few, very fine distinct strong brown specks
and a few, fine black concretions; gredes to horizon below,

Bz.]  28-37" Light yellowish-brown (10YR 6/4; 5/4 when moist)

clay with = few, fine distinct strong-brown mottles; weak coarse blocky;
very compact; very slowly permeable; = few fine rounded siltstone frag-
ments and small black concretions; pH 6,0; grades to horizon below,

By o  37-43" Grayish-brown (10Yr 5/2; 4/2 when moist) clay with
common medium faint yellowish-brown mottleg; weak cosrse blocky very
compact; very slowly permeable; a few fine round black concretions
slightly less compact than layer above; pH 6.0; grades to horizon

below.

Cq 366" Coarsely mottled light-gray (10YR 7/1; 6/1 when moist)
strong brown (7.5 YR 5/6 when moist) and yellowish~brown (10YR 5/4; 4/4

when moist) clay: massive; firm; slowly permeable; seams of sandy clay
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loam common; fine rounded siltstone chips and clusters of white gypsum
crystals common; pH 6.5: gredes to horizon below.

C HE-SLM Coarsely mothled yellowish-brown (10YR 5/63 4/6 when

2
moist) and gray (10YR 6/1; 5/1 when moist) clay; messive; compact;
slowly permeable; a few rounded chips of siltstone and smell pockets
of white gypsum crystals; pH 6.5. This is only pertially sltered
clay shele but is slightly more compact than the merteriel in the Cq
layer above,

This soil develops in soft shales or clrys of Pennsylvanian age.
It has formed on a very gentle slope while nearby, to the north and
east are sress of Cherokee soils on the slightly concave flats with
deficient surface drainage. These are lighter-colored soils with

thicker A~ horizons. To the west on less clavey meterial, where sur-
oy ve. s

faces are convex and relief is s bit greater, Dennis scils develop.

Sample Preperation and Methods of Anslysis

Clay Separation and Fractionation

Both soils used in this study were sampled in detail, Samples
were tsken from each horizon, =llowed to sair dry, and crushed to psss
2 60 mesh sieve. A 400 gram representative sample of soil from each
horizon wes used for obtaining the cley frection. The method used in
separating the clay fraction was as follows:

A 400 gram sample selected for clay separation, was pleced in an
800 ml., beaker. The sample was made into a thin paste with distilled
water and titrated with 0.1 normal HC1 to 2 pH of 3.5-4.0 (spot plate
test). The sample was placed on a steam plete and treated with HpO»

to remove the orgsnic material,



After frothing had cessed, the sample was left on & steam plate
for two hours to remove excess Hy0,. At the end of the pefiod, the
sample was allowed to flocculate; the filtrate very carefully decanted
end the flocculated sample washed with distilled water inté a Buchner
funnel, Salts and excess HCl were removed by washing five to six times
with distilled water. A salt free sample was indicated by s negative
test for chloride with dilute AgNOj. The salt free semple was then
washed two times with 95% ethanol and stored in s desicator with the
humidity maintained at eighty percent. The sampls wag stored &t a
high humidity to avoid caking and hardening of the sample and to aid
in subseguent dispersion.

The method used for sodium saturation and dispersion wes that
of Jackson, Whittig and Pennington (25).

The dispersed samples were transferred to seven liter carboys and
sufficient distilled water added to bring the volume 1n each carboy
to five liters. The suspension was allowed to stand in this state for
separation,

With this method of dispersion, the five liter suspension had a
pH of 9.5 and needed no further trestment throughout the eyecle of clay
sepsration, Jackson, Whittig and Pennington (25) contended that boil-
ing the sample with NapC03 for dispersion, removed small quantities of
organic matter not removed by Ho0» treatment.

The sample was fractionated at 5 microns by sedimentation, This
initial separate was further fractionated into the fractions, 5-2 mieron,
2-.1 micron and less than .1 micron particles. The fractions, 2-.1

micron and less than .1 micron, were used in this investigstion. The
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materials 5-2 micron and larger then 5 micron were sir dried and
stored for future invegtigstions.

For the initial 5 micron separation, the soil suspension in the
cerboy was shaken vigorously for complete dispersion and allowed to
stend undisturbed for sedimentation. The material in suspension was
assumed to have a specific gravity of 2.65., Tanner and Jackson's (50)
nomographs were used. At s predetermined time, a siphon was lowered
into the suspension to the calculated settling depth of the 5 micron
particles, and the suspension containing particles less than 5 microns
in dirmeter was siphoned off. The carboy was refilled with distilled
water to the five liter merk and the separation repeated until the
liquid above the settling depth of the 5 micron particles became clear
at the end of the calculeted settling time., It was usually necessary
to make this separation gix to eight times.

The siphoned material containing particles less than 5 micron in
diameter was collected in eighteen liter carboys, mixed throughly,
and run directly through a Sharples supercentrifugs.

The concentraﬁion of the suspension was unknown., It was there-
fore, necessary to run the suspension of materials through the centri.
fuge with it operating =t a speed in excess of that necessary for .1
micron fractionation., The material in suspension could then he col-
lected and redispersed at a known suspension. The siphoned material
was run through the centrifuge at 250 ml, per minute, with the centri-
fuge operating at 50,000 r.p.m.. The material that passed through the
machine wzs assumed to be less than .1 micron in diameter.

After the soll materisl was collected on a plastic sleeve inside

the centrifuge bowl, it was removed and weighed. A sample of this



material,\and sufficient other samples collected at lower operating
speeds were dried to determine the moisture content of the materials
collected on the sleeve st a specific operating velocity. In this
manner, the clays could be weighed and redispersed into suspensions
of known concentrations for further separations.

The Sharples supercentrifuge th:zt wms employed was steam driven,
and after the revolutions per minute were calibrated to the steam
pressure, a constant operating speed was maintained by close control
of the steam pressure, A constant head of pressure for sample volume
flow control was méintained to the centrifuge bowl by a vacuum siphon
device from the eighteen liter carboy to the receiving flask of the
centrifuge bowl.

A modification of Stoke's law (53) was used to determine the bowl
speed snd flow rate necessary for separation of the less than .1 micron
particles from the 5 micron sedimentation separation.

Specific gravity of the less than .1 micron particles was assumed
to be 2.20 (12). The Sharples supercentrifuge bowl has the following
demensions:

Vertical distance of wall. . . . . . . . 20,0 cm,
Radius of centrifuge bowl. . . . . . . . 2.221 cm,
Radius of air column. . . « vo s o « . o 0,734 cm,

During the period of calibration, the suspension which flowed
through the centrifuge was collected in an open flask. It was rerun
through the centrifuge after czlibration was complete. Care was taken
in ealibration to avold particles of less fhan .1 micron being retained
on the plastic sleeve. The proceedure was to reduce the velocity from

a higher rate to a lower rate, and to reduce the flow rate from a
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higher value to a lower value. Recalibration of flow rate wes neces-
sary after each cleansing of the flow rate device. Cleansing was
necessary between samples to avoid contaminetion.

Separation of the less than .1 micron particles was made with a
centrifuge bowl speed of 40,000 r.p.m.,. With the insertion of the
proper values into the modified Stoke's law (53), it was found neces—
sary to pass = one percent clay suspension through the bowl at 3232 ml.
per minute (26° C.), to effect a .1 micron perrticle size fractionstion.

The material of less than .l micron which psssed through the
centrifuge was collected in an eighteen liter carboy and flocculated
with 20 ml, of .05 N, HCl. The materiasls collected on the plsstic
sleeve were welghed, redispersed at a one percent suspension in dis-
tilled water and rerun through the centrifuge for more complete sep-
aration.

Separation of the less than .l micron size fraction was considered
complete when the weight of material retained on the plastic sleeve
became constent, and the turbidity of the suspension which passed
through the centrifuge bowl was reduced to clearity. It was usually
necessary to pass the resuspended material through the centrifuge six
to eight times to attain these conditions. Whitt and Baver (53) found
this number of sepsrations satisfactory under similer conditions,

The éupernatant liquid wes carefully decanted from the flocculsted
qlay of less tﬁan .1 micron particle size. The flocculated clay was
then placed in 100 ml. centrifuge tubes and centrifuged to further
. reduce the volume. The supernatant liquid was decanted and the clay

trensferred to 2000 ml. Erlenmeyer flasks for storage until samples
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To separate the 2-.1 micron fraction, the Séjl micron fraction
was rédispersed, placed in a seven liter carboy, ghd sepsrated by
sedimentation into 5-2 micron and 2 «.1 micron fréctibnso The zepar-
ation was made in the manner used for the initisl 5 miégon seperation,

After sepsration, the 2-.1 micron-clay suspensioh ﬁég flocoulated
 with 5 ml, portions of .05 N HCl, reduced in volume by centrifuging,
\épd stored in Erlenmeyer flesks, The 5-2 micron fractions were floce

culated, air dried, and transferred to small envelopes for siorsge.

Prepsretion of Samples for X-rsy Analysis

In prepsring the samples for X-ray analysis, iron oxides were re-
moved from 0.5 gram equiveslent volumes of the floseulsted sample stocks
obtained in the initisl clay separstions. For iron oxide removsl, each
sample was dispersed with 50 ml. of distilled water in & 100 ml. centri-
fuge tube. Two grams of sodium hydrosulfite were =sdded to the sus-
pension, and the centrifuge tube was placed in a water tath, with the
temperature maintained st 40-45° C.. The suspension in the centrifuge
tube was stirred frequently over a thirty to fifty minute period, or
until the clay was bleached.

After iron oxide removal, the sample was treated with dilute HT1
to remove interfering cations. The bleached sample was shaken ten to
fifteen minutes with 50 ml, of .02 N, HCl. It wes again centrifuged,
the excess HCl decanted, &nd then washed free of sll excess salts by
dispersing in 25-50 ml. portions of distilled water, centrifuging and
decanting the wash water. The sample wss considered free of salts by
2 negative test for chlorides with AgNOj.

The clays were then saturated with NHA ions for chlorite-vermiculite

differentiation and Ca ions and glycerol for expsnding and non-expanding
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lattice determinations. For cetion saturation, a 100 to 150 mg, sample
of the iron oxide free clay was boiled gently for fifteen minutes with
a fifty ml, portion of 1.0 N NHLCI or »n equal volume of 1.0 N Call,.
To this clay-CaCl, mixture was added four to six drops of glycerol for
lattice expansion, After boiling, the sample was allowed to cool, cen-
trifuged and the supernatant ligquid was decanted.

An oriented cley mount was prepsred by suspending the cation
saturated clay in two to three ml., of distilled water, pipetting =
sample of 1t onto a prepsred ﬁicroscope slide, =nd allowing the sample
to air dry ox the slide, inside a dust free enclosure.

The microscope slide wes prepared by cleansing with acetone,
wiping dry with a lintless towel, and providing s 1 inch by 1 inch

boundry to contaln the semple with mesking tape.

Prepsration of Samples for Differential Thermsl Anslysis

A one gram equivalent volume of stock clay sample wes Ca ion
satursted by boliling gently for fifteen minutes with 75 ml of 1.0 N CaCl,.
The sample was then centrifuged, the supernstant liquid decanted, and the
cley was washed with distilled wster to remove the excess salts, The
salt free clsy wes dried at low temperatures (less than 80° C.) crushed
to pass a 60 mesh sieve, and placed in & stoppered, soft glass test tube.

The samples contained in the stoppered, soft glass test tubes and
the oriented clays on the microscope slides were sent to Dr, S. B,
McCaleb st the North Carolins State Experiment Strtion for X-ray spectro-

graphs and differentisl thermal anslysis.
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Preparation for Electron Microscope Examination

The procedure of clay preparation for viewing in the eleciron
microscope is essentially that of MacKie, Chatterjee and Jackson (36).

A sample of stock clay wess tremted with .02 N HCl to saturate the
exchange complex with H* ions. It wes then washed free of excess salts
with sm~11l portions of distilled water. The sample was dispersed by
adding saturated NaOH dropwise until a pH of 9,5 was resched (Spot
plate test). The clay material was then diluted to .0l percent sus-
pension and was ready for specimen mounting.

For mounting, a drop of the clay suspension was allowed to dry
over night on a film of collodian supported by s 200 mesh screen.

The screen 1s prepared by adding a 10 percent solution of collodisn
in amyl acetate, dropwise, to a water surface and allowing = film to
form. A small section of screen, precut to fit the receptacle of the
electron microscope, is then dropped onto the film and picked up on a
microscope glide in a maunner that lesves the film covering the surface
of the screen and the slide.

The screen containing the air dried specimen 1s fitted into =
receptecle and inserted directly into the electron microscope. The
electron microscope used was a R.C.A. Console model type E.M.C.-2
operating at 30,000 volts. It is capable of magnifications of approxi-
metely 5,000 diameters.

Photographs of the specimens were msde by direct exposure of

photographic film to the electiron field.

Chemical Anelysis

Base exchange capacity of the two size frections was determined

by the barium replacement method of Whitt and Baver (53).
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A‘one gram sample was saturated with hydrogen; the hydrogen ions
replaced with Barium from a N.BaCl, solutlion, and the acidity of the
filtrete titrated with 0.1 N, NaOH. Replecement with barium was con-
tinued until the NaOH reéuired to titrste the replaced H* ions be-
came constant.

The sum of the totzl me, of hydrogen replaced divided by the
Sample weight is equsl to the me. of exchange per grem soil,

The method of Dyal and Hendricks (10) was used to determine clesy
surface areas, Using their method, total surface sreas and internal
surface areas of the clay materials were determined.

The procedure consists of dryving two samples of 3 hydrogen sat-
urated clay in such a manner that the mineral structure of one seample
is collepsed, and the structure of the other sample remsins intsct.
These twovsamples are saturated with ethylene glycol and allowed to
reach equilibrium. The excess glycol is evaporated from the clays in
a vacuum system. Evaporation of the exceés, leaves a monomolecular
layer of glyctl covering the surface areas of the clays., The weight
" of ethylene glycél retained ( mg. glycol per gram clay) is a measure
ofAthe tdtal surface area. The weight of glycol retained (mg. .glycol
per gram clay) by the ssmple with the structure intact minus the weight
of glycol retained ( mg. glycol per gram clay) By the sample with col-
lapséa'structure is a memsure of interlayer surface area, i.e., inter-
layer expansion.

The method used for determination of non-exchangeable potassium
is & modificatibn of the procedure of Hall (15).

A .5 gram hydrogen saturated sample Wasl¥hér0ughly'mixed with .5

gram of NHAGl and 1.5 grams of CaCog, using an agate mortar and pestle.
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The mixture was washed into a platinum cfucible with an additional .5
gram of CaCO3.

The crucible and its contents were plsced in aﬁ electric furnsce
end the temperature increaséd slowly until NH; fumes ceased to be
evolved, The temper~ture of the furnace was then raised to 800° C,
ahd maintained at this tempersture for 66 minutes., .At this tempera-
turé CaCl, formed in the feaction, NH,Cl + CaC03 =-- CaCl,, fuses
with the mass of the sample,

The crucible was removed from the furnece and allowed to cool.
The fused cake was slaked with hot distilled water and trensferred to
a porcelain dish, The cake was then thoroughly crushed with an agste
pestle, end the sample was washed five times with hot diﬁtilled water
by decantation. The slaked material was transferred to a filter and
bfurther washed with hot water. The filtrate was added to the decanted
‘éolution. \Four hundred milliliters of total wash water were sufficient
for the removal of the fused‘alkalies°

. A 600 ml, beaker contzining the filtrate was placed on a steam
plate and warmed, A sufficient volume pf concentrated (NHA)QCO3
solution was added to precipitate the celcium in the solution. The
contents of the beaker was then filtered through number two Whatman
filter psper into an 800 ml. heaker, The filtrate was washed free of

‘Chlorides with hot distilled water.

The 800 ml. beaker was placed on a2 hot plate, and its contents
evsporated to less then 100 hl. in volume. The §olution was then trans-
ferred into a‘lQO ml, volumetric flssk and brought to volume with dis-
tilled water. This solution was run diresctly through a Perkin-Elmer

flame photometer, and the potassium content determined.
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Mechanical Analysis

The mechanicsl analysis was run by the pipette method of Olmstead,
Alexander and Middleton (42). To determine the less than .1 micron
fraction the centrifuge method of Steele and Bradford (49), was uséd.

Specific gravity of the .1 micron perticles was assumed to be
R.20. Time of centrifuging was messured from the time the centrifuge
was turned on until it was turned off. No interpolations were made
for the periods of acceleration and decelerstion.

At the end of the calculated centrifuging time, a calibrated 5 ml
pipette was lowered to the depth of the sedimented .1 micron particles
and slowly filled (15 seconds) by gentle suction. The contents of the
pipette were emptied into a2 weighed evaporsting dish. The pipette was
washed twice with distilled water and the washings added to the evapo-
rating dish. The dish and its contents were dried at 105° C, and weighed.

‘The percent clsy was determined by the following formula:

(v) (c-bD)  (100) = Percent clay
(X) (8)

V = Volume of suspension in ml,

Q
i

Weight clay in dish in grams

O
I

Weight of dispersing agent in grams

X ~ Volume of the pipette in ml,

w0
i

Oven dry sample weight in grams.



RESULTS AND DISCUSSION

Particle Size Distribution
The particle size distribution of the Dennis profile is given

in Tables I and II.
Teble I, Particle Size Distribution* Dennis Silt Loam

’

Size Clsss and Diameter of Particles (in mm.)

Field Cosrse Very :

Borizon and Fine Fine Coarse Fine

Designa- Med. Sand Sand Sand 8ilt Silt Clay
Depth tion 2-.25 0 25-,1 .1-.05 05,02 ,02-.002 £ 002
inches ) % % % % %
0-12 Al 5.4 6.3 12.7 37.0 18,2 19.8
12-16 AB 5.0 L6 11,3 36.8 18.8 23.5
1626 Bl 6.1 3.8 2.6 30.0 19.1 31.4
26-31 B, 2.8 2.5 6.9 24.6 20.3 4R.9
3140 B3 3.8 2.6 6.5 23.8 21,2 42.1
40-54 Gy 4.0 3.2 6.8 23.5 19.4 43,1
54=72 Co Lok 2,8 6.4 25,2 19.8 41,4
72-90* Cs3 6.4 3.2 6.9 25.9 21.0 36.6

*Mechanical analysis by S. C. S. laborstory, Beltsville, Marylsnd,
Samples $530K-73-20-(1-8).

These date show that the cley sized fraction was more active inm .
the soil developing process than the other particle size. The fine
siltvsized fréction shows & loss of msterials in the A7 and A3, the
horizons of sctive weathering.

The»gain in percent coesrse silt shown in the A, Az and By hori-
zons is a reflection of the loss of clay sized materials from these
horizons by illuviation.

The changes that have occurred in the clay sized particles are
further broken down in Table II. These dsta show fhat a high percenteage

of the clay in each horizon, except in the slightly westhered psrent

33
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material, consists of particles less than .l micron in dismeter.
Illuviation that was evident in the totel clay fraciion in Table I
is shown in Table II to be confined to the fine clavs.

Table II. Particle Size Distribution, Clay Fraction,
Dennis Profile

Coarse
.. Clay Ratio
Hori- Totel Clay  Fine Clay =  2-.1 Fine Clay® Fine Clay
zon Depth 2.0 Mlcron <,1 Mieron Micron <.1 Micron Coarse Clay
inches % % % %
Al O-12 19.8 15.3 45 77,2 3.4
Ay 12-16 23,5 15.0 8.5 £3.8 1.8
By 16-26  31.4 23.6 7.8 75,1 3.0
By 26=31 42,9 30.2 12.7 70.2 2.4
B3 31-40 42,1 26.6 15.5 63.1 1.7
Gq 4054 43.1 25,4 17.7 56.6 1.4
Co 54=72  41.4 18.8 22.6 45,6 B
63 7290+ 36,6 13.4 23,2 36.6 o6

*% of totel clay fraction.
% of total soil

continuous decrease from the slightly weathered parent meterial to the
topsoil, This decrease, which is very pronounced, is attributed to
wéathering. Other data, to be discussed later, reveal some interest-
ing festures about this decrease in coarse materials.

The particle size distribution of the Parsons profile is given
in Tables III and IV. The date for the Parsons profile show several’
features that were also exhibited in the Dennis profile.

Clay eluviation and sccumulation is very pronounced in the Par-
song profile, The clay accumulation in the Persons profile is re-
flected in 211 the size separstes of the profile. Ail size sepsrates,
other than cley show decreases in percentage content in the.Bp 7 and

B horizons where maximum clay accumulation has occurred,
o) .
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The clay fraction in each horizon of the Dennis profile (Teble II)

was shown to contain a high proportion of psrticles less than .1 micron
Table III, Particle Size Distribution*, Parsons Silt Loam

Size Clags and Diameter of Particles {in mm,)

Field Coarse Very
Horizon and Fine Fine Conrss Fins
‘ Designa~ Med, Sand Sand Sand 8ilt 8ilt ;
Depth tion R=.25 025-51 o 1=.05 .05-.02 ,02..002 £.0
inches % % % % %
0-6 A1 2.1 8.5 6.8 38,6 31.8
610 A1 » 3,2 8.6 6.6 346.8 32.4
10-14 A 1 5.5 7.8 6.2 35.5 31,1
14-16 An o 7.2 6.7 5.0 28,5 27,0
16-22 52-1 0.8 3.6 R.8 17.0 18,0
22-—28 52_2 006 3-4 20‘/' 15alf"‘ 1355
2837 B3_1 1.1 5.3 4,0 0.8 12.4
3743 B3*2 2.5 7.0 5.3 25,8 20.9
43=66 Cl 4,3 7.8 6.1 26,73 19.2
66-84*  Co 2.2 8.0 6,2 25,2 18.1

*Mechsnicel analysis by S.C.S. laboratory, Beltsville, Marylend.
Samples S$530K-49-2-(1-10).

in dismeter. The Parsons profile (Table IV) exhibits a similasr feature.
A notable difference between the two profiles is the proportion of the
clsy fraction of the Parsons parent material that is made up of par-
ticles less than .1 micron in diameter. The ratio of fine cley to
comrse clay in the slightly weathered residium of the Parsons is much
higher than that of the Dennis. The Dennis slightly weathered_residuum
contains 36,6% fine clay as compared to %9.,1% in the Psrsons profile.
After the clay has weathered through the initirl stages of profile
development, horizons 035 02 and Cq in the Dennis profile, the per-
centages of fine clay content in the other horizons is more nearly
equal the c¢ley content of corresponding horizons in the Parsons profile,
When the processes of eluviation and illuvistion in the Dennis

profile were confined to particles of ¢ .1 micron in diameter. The



date in Table IV shows that these processes have occurred im both of

the size separstes of the clsy fraction in the Parsons profile

Table IV, Particle Size Distribution, Clay Fraction,
Parsons Profile

Coarse
_ Clay Ratio
Hori- Total Clay Fine Clay " 2-.1  Tine Clay” Fine Clay
zon Depth 2,0 Micron < .1 Micron Micron & .1 Micron Coarse Clsy
inches % % % %,
Alsl 0-6 12.2 10.8 1.4 28,5 7.7
A7 5" 6-10 12,4 10.9 1.5 87.8 7.2
Ar 1 10-14 13.9 7.2 6.7 51.7 1.1
Ao_o  14-16 25.6 22,4 3.2 87.5 7.0
Bo_1 16-22 57.8 Liy 4 13.4 74,8 3.3
By o 22-28 59.3 46,1 13.2 77.8 3.5
mB—l 28-37 49 .4 41,8 7.6 84.8 5.6
Ba_p 3743 38.5 34,3 L2 9.1 8.1
1 43-66 36,3 32.2 4,0 89.0 3.1
Co 6684+ 40.3 35.9 YAA 29.1 8.1
* o

% of total clay fraction,
4 of totsl soil

The ratio of fine clay to coarse clay in the Parsons profile
shows that not only has illuviation occurred in the coarse clays, but
it hes proceeded at a rate in excess of illuviation of the>fine clay
in the Bp_j and B, , horizons. The coarse elays of the Parsons have
s low ratio of coarse clay to fine clay in the A, ; horizon. This
horizon of intensive eluvistion of fine clay, has an accumulation of
coarse clay, A simiiar feature is exhibited in the Dennis profile,

although it 1s not as pronounced.

Chemical Measurements
The results of some chemical messurements in the Dennis profile
sre given in Taeble V. The organic cerbon content of the Dennis pro-
file is high in the A and A3 horizons and gredually decreases with

inereasing depth,



?able ' Chemical Measurements' of the Dennis Silt Loam

Field : Exchangeable cations
Horizon Organic (me, per 100 gm, soil) Base
Depth Designation pH Carbon Ca Mg E Na H Sum Seturstion
inches % %
0-12 A7 5.4 1.48 7.3 2.7 0.2 0.2 7.8 18.2 57
12-14 A3 5.4 1.13 7.5 2.8 0.2 0.4 7.6 18.5 59
1626 By 5.6 0.74 9.0 3.1 0.3 0.6 7.6 20.6 63
26-31 Bo 5.8 0.49 11.4 L. 6 0.3 1,05 7.9 25.2 69
3140 B3 5.9 0.31 12.4 5.0 0.3 1.1 7.1 25.9 72
4054 1 6.3 0.18 14.5 5.8 0.4 1.4 6.0 28,1 79
5472 Co 65,6 0.17 14.6 6.6 0.3 1.4 4.5 27 .4 84
72-90+ C3 6.6 0.07 12.9 6.2 0.3 1.3 3.7 24 4 85
*snalysis by the S.C.S. laboratory, Beltsville, Marylend. Samples S53-0K-73-20-(1-8).
Table VI, Chemical Measurements” of the Parsons Silt.Loam
Field Exchangeable cations
Horizon Organic (me, per 100 gm, soil) Bese
Depth Designstion pH Carbon Ca Me K Ha H Sum Saturation
inches % - %
0=6 Aa 5.7 1.15 5.8 0.8 0.1 0.1 .3 13.0 52
610 Ao 5.2 0.63 2.9 0.8 0.1 0.4 7.0 11.2 28
10-14 Ao q 5.5 0.38 2.4 0.8 0.2 0.5 6,2 10.1 39
14-16 Ao o 5.6 0,50 4.8 2.3 0.3 1.3 8.6 17.3 50
1622 Bo_1 5.4 0.87 12.5 5.9 0.5 3.4 16.2 38.5 58
2228 Bo_2 5.3 0.73 14.1 6.8 0.4 3.8 12.2 37.3 67
28-37 B3.1 5.3 0.32 12.0 6.2 0.4 3.3 2.6 31.5 70
37-43 B3 5.4 0,17 2.6 4.8 0.4 2.6 5.2 22,6 77
43--664 C1 5.4 0.11 9.7 4,8 0.4 2.3 A2 23.4 74
6684, Co 5.6 0.06 12,6 6.1 D.4 2.5 5.8 27 .4 79

*Analysis by the S.C.S. leboratory, Beltsville, Msryland. Sample 853-0K~49=2-(1-10) .

LE
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As weethering and profile developmeﬁt has proceeded, bese sat-
uration has decreased from 85% in the slightly wepthered psrent master-
ial to 57% in the topsoil. The decrease in base saturstion wes accom-
panied by a change in pH., The profile became more acid as basic elements
were lost. |

These data show calcium to be the dominsnt basic sxchangesble zation
present on the clays. The amounts of all basic cations in the soil

except potessium have declined as the soil developed, The loss of

Ve

basic cations in the soil is reflected in a gein in hydrogen ions pre-
sent on the cleys.

Data on the chemical measurements of the Parsons profile are wnre-
sented in Table VI. The data given on the Parsons profile are similsr
to those presented for the Dennis. There are striking variations be-
twmn the profiles which show the Parsons to be more highly westhered
and subsequently more strongly developed morphologically., The principal
verintion between the two profiles is the increase in percent orgrnic
ecarbon and each exchangeable cetion in the Parsons profile that has
sccompanied the illuvial processes in the development of the By ; and
By_o horizons. The exchangeable magnesium ions appear to have bzen
particularly affected.

The parent msterial of the Parsons is more acid than that of the
Dennis. The parent material of the Parsons hes a pH value of 5.6 as
compared to 6.6 in the Dennis. The Psrsong profile exhibits a more
acid nature in each horizon than does the Dennis, except in the A7_7
horizon which is less acid than the A; in the Dennis profile. The

percent base sesturation of the slightly weathered pafent material of
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the Parsons profile is lower than that of the Dennis, 79% as compared
to 85%. Brse saturation in the Parsons profile decreases to 38% in the
Aj_5 horizon. This is & reflection of the intensive eluviation that

has occurred.

Cation Exchange Capacity

The sum of the exchangesble cations in the horizons of both pro-
files reflects the number of exchange positlons present in thet hori-
zon, These exchenge positions may be present in o gmell quantlity of a
highly resctive meterial or as a lerge quantity of a meterial that ex-
hibits few exchange positions.,

The amount of clay materiasl present in each gize sepsrate of the
two profiles was presented in Tables II.and IV. The sum of their com
bineé exchange positions was presented in Tables V and VI, In Table VII,
féhe exchange capecity of each clay sized separate of each horizon of
the two profiles is presented,

Table VII, Cation Exchange Capecity of the Two Clay Fractionms,
Dennis and Parsons Profiles

Dennis - Parsons -
Coarse Coarse
Field Clay Field" Clay
Horizon 2-,1 Fine Clay Horizon 2~,1 Fine Clay
Designation Micron { .1l Micron Designation Miecron < .1 Micron
me, per 100 gm, clay : me, per 100 gm, clay
Ay 14.7 53.2 A 4 13.2 53.7
A3 13.9 51.4 Ao 15.1 51.5
By 16,2 52.1 A2~1 11.0 51.2
By 16.7. 51.5 Ay 5 15.7 53.4
B3 17.1 51.4 -Bo 1 23.4 52.4
C1 17.6 53.1 By _» 18.9 51.7
Ca 19.6 55.7 Bs 1 20.8 55.3
G; 15.4 53.1 B3 o 16.7 52,3
Mont., 68,0 754 C1 23,0 55.0
I1lite® 22.2 27.5 Co. 16.8 52,7

*Reference Clay Minerals
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A striking feature in the exchange capacities of the two clay

sepprates of the two profiles is the similarity of the exchsnge capa~

. cities of the fine clays., In the A, horizons of both profiles the ex-

change copacities of the fine eclays sre very similer, There is little
veriation between horizons in the exchange capeacity of the fine clays
in either profile.

The coarse clays in both profiles exhibit less exchange than .
the fiﬁe clays. There is more varistion in exchange capscities in the
coarse clays between horizons then there is in the fine clays. The
cosrse clays of the slightly weathered;parent material of each profile
have low éichange-values. The horizons of initial weathering above
this material, in each case have increased exchange capacities.

The horizons of illuviation in both profiles have increased
exchenge capscities., In Table II, the coarse clays of the Dennis profile
were shown to have been intensively weathered into smaller sized par-
ticles in the horizons of illuvistion., This weathefing,mgy have also
included weathering of clay minerals with low exchange reactivities
into minerals of the same particle size grouping that exhibit higher
exchange reactivities,

The coarse clays of the Parsons profile, Table 4, were showﬁ to
have undergone eluviation., The increases in exchange capacities of
the B horizons of this profile mey be the effect of illuviation of -
materiasls thot have a higher exchange reactivity. The incresses shown
in the horizons of both profiles sre similar, sn increase in the upper
C horizon and in the illuvial B, At least one of the two mentioned

processes, illuviation or minersl weathering, has occured in each profile.
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Whether both of the processes have or have not occurred concurrently
in each profile must be drawn from other data.

The exchange capacities of two reference clay minerals, montmorill-
onite and illite are shown in Table VII. The exchenge eapacity of kaolin-
iﬁe hes been found by Grim (12) to be from 3 to 12 me, per 100 grams,

From the exchange cepacity velues of the refsrence clays given,
it is evident that.the fine clays are a mixture of high and low exchange
capacity minerals. The coarse clays are composed of clay minerale
that have low exchange values with varying amounts of a highef exchange
materigl. Other determinations are necessary to eatirate relative

amoutits of each mineral group present.

Non-exchangeable Potassium

Non-exchangeable potassium has been thought to be a2 key to the
illite and micaceous clay minersl content of soils. Grim, Bray and
Bradley CLB)'hQVe found illite to vary from 4.7 to 6.9 percent K0.

An arbiﬁrary value of 6% K20 has been used by Grim (12) and by Wilkinson
anébGrey (53)-ih guantitative estimations of amountskof-thié mineral
present in mixtures. Micaceous materiasls present in soils may contain
higher percentages of K20 within their mineral structure.

The non-exchangeable potassium contents of the itwo clay fractions
of.thevﬁennis end Parsons profiles are presented in Table VIII.

The non-exchangeable potassium conteht is very similar in the
coarse clays of both profiles, A feature in the K20 content of the
GOarsé=clays of both profiles is the .3 percent decrease shown in thé
Ag of»the Dennis and the 4, » of the Parsons. This horizon of* the

Dennis profile also has decreased exchange capscity as shown in Table VII,
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The percent K50 content of the fine clays is much lower than that

in the Dennis, however, is higher than the K50 content of the Parsons,

Table VIII, Non-exchangesble Potagsium Percentrge Found in the Two
Clay Frections of the Dennis and Parsons Profilles

Dennis Parsons
Cosrse osrse
Field Clay Field Clay
Horizon 2,1 Fine Clay Horizon Doy L Fine Clay
Designation M%gron &,1 Micron Desicnetion Micron 5.1 Mieron
% % %
A FARS 2,4 A ol 1.6
25 4.3 1.9 M3 3.9 1.8
By 4.6 2.0 Ay 4,3 1,7
Bo 4.6 1.8 Ao o 4.0 1.6
Bs 4.6 2.0 Boa 4.2 1.6
Cy 4.5 2ok Bo_2 bo? 1.6
Co AN 2.4 B3.1 FAA 1.6.
Cs.. 5.0 1.7 B3.2 4.0 1.8
Mont. 0,0 0.0 C1 3.8 1.7
Illite 7.5 6.8 Co 2.6 3.1

¥*Reference minerals

The K20 content of the two clay fractions in the slightly weathered
parent mﬁﬁerial of both profiles is interesting. The more acid Parsons
has,a'high percentage initially in the fine clays with s lesser-amount
in the cosrse clays vwhile the reverse of this is true in the Dennis
profile. The major changes thet occur in the K20 content of each sepa-
rate of the clays in both profiles occur in the horizons of the initial

weethering of the slightly sltered psrent masterials.

Ethylene Glycol Retention

Of the methods used for clay mineral identificstion #nd estimetion,

ethylene glycol retention reveasled more variation between horizons than
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any other analytical procedure. The weathering of larger particles

into smaller particles and the presence of expending lattice structures

glycol retention process.

The date on surface area values were derived by insertion of
values from snalytical results into the following formulas of Dyal and
Hendricks (10).

1. Totel surface area ~ Square meters per grrm samnle =

Weight ethylene glycol retained unheated sample (gm,)
Weight vacuum dried unheated sample (gm.) X 00031

2. FExternal surface ares - Square meters per gram semple =

Weight ethvlene glycol retained heated sample (gm,)
Weight vacuum dried unheated semple (gm.) X ,00031

3. Internal surface area = (Totsl surface srea) - (External surface area).
Data acquired by the ethylene glycol retention process on the

surface sreas of the two clay sepasrates of the Dennis profile are

presented in Table IX,

Table IX., Surfasce Areas of the Two Cley Fractions as Measured by
Ethylene Glycol Retention, Dennis Profile

Field Coarse Clay Fine Clay
Horizon (m)= per gm, (m)* per gm,
Designation Total Internal Total Internal
Al 61 30 258 157
A3 69 42 237 145
B1 106 64 252 140
B2 75 34 241 168
BB 86 59 245 160
C1 92 41 333 201
Cs 83 7 376 252
C3V 69 33 357 219
Mont,?’ 502 408 557 504
T1lite™ 176 77 215 38

3% .
Reference Minerals



The total surface areas of the two cley sized fractions of the
Dennis substantiste weathering of cley sized psrticles in the processes
of soil development,

The total surface area of the fine clay is reduced from 357 (m)?
per gram in the C3 horizon to 237 (m)2 per gram in the A3 horiszon.

This decrease in total surface area is very significent. It agrees,
by horizon, with the loss of coarse clay sized particles that wss
gshown in Table II.

The eluviestion of the fine clays, shown to be apperent in Table II
is not detectable in ethylene glycol retention values cof that fraction.
Eluviation spparently heas occurred as an indiscriminate physical dis.-
placement of 211 psrticles within the range of the fine clay. However,
the drop in total surface area between the Cq and B3 horizons mey be
evidence thet the cosrser sizéd paerticles within the fine clesys were
those which were illuviated,

Total surface area data on the coarse clsys suggest weathering
losses of the finer sized particles from this fraction., In the dB
horizon of the slightly werthered parent meterial, the particle sizes
are very coarse., With the initial weathering thet lms occurred in the
Co and Cq horizons there has been an increase of smsller sized particles
within the coarse clay fraction. The data shows that from the~B3
horizon to the surface, smaller sized particles of the co=rse clay
fraction were lost to the fine clay sized separste. The larger clay
siéed barticles left within the coarse clays exhibit decreasing values
of totel surface area.

The evidence mentioned does not fully explain the increase 1in

total surface srea in the Bl horizon in the cosrse ¢lays. Illuviation
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of coasrse clay particles was not evident in the data of Table II, The
By horizon contains less coarse clsy than the A4 horizon (Teble III).
I1luviation of finer sized particles into this horizon is therefore
eliminated as sn explanation., This incresge in total surface srea is
noted in the coarse clays of the Parsong profile, Table X, at the

same soil depth.

The date on the Parsons profile suggests th-t illuviation of
smaller sized particles into this soil depth mey have cccurred., Illuvi-
ation, however, does not explain the incresse in total surface area in
the As_p horizon, (Table X). Examination of the profile descriptiens
of the two soils et the depths in question shows both of them t5 be
mottled and to have black concretions present. The presence of these
mottles and ferruginous concretions suggests thet this depth is moist
much of the yesr, enabling intensive physio-chemical resctions to occur.

The dats suggest intensive westhering of the cosrse clays at this soil

depth,
Teble X. Surface Areas of the Two Clay Freactions of the Parsons
Profile as Measured by Ethylene Glycol Retention
Field ' Cosrse Clay Fine Clay
Horizon (m)* per gm, (m)2 _ per gm.
Designgtion Total Internal Total Internsl
Al—l 49 21 4004 2817
A5 68 28 418 292
Ao_q . 78 46 367 Rhdy
Ao o 102 71 368 240
Bo_7 151 14 347 213
B 3 78 47 384 253
By 1 106 50 383 263
B3 2 63 11- 373 271
1 108 36 384 28
Co 85 23 344 221

The total surface area values of the fine clays of the Parsons

profile show » decrease in perticle size from the slightly westhered



perent mrterisl to the surface;

The totsl surface area per gram clsy of the fine clayvs of both
profiles is similar in the slightly westhered prrent materisls thet
sach has developed from, The surface areas of the fine clays of the
Parsons show that there has heen weathering of this size waterisl in
the processes of soll development,

The increases in totsl surface areas shown in the fine clays
may be the result of weathering fine clay sized materials into smeller
sized particles, or it msy be the result of weathering of non-expanding
lattice structures into expanding lattice type structures with their
additionsl internal surfaces.

In the Ap_7, Ap o and Bo_7 horizons, the horizons that were
suggested to have had extensive weathering of the coarse clay materials,
the fine cleys show an increrse in particle size., The increase in
particle size is shown by the decrease in totsl surface area per.gram
clsy., The data suggest thet coarse materiasls weathered into particles
within the size range of the fine clay seperrate within these horizons,

The data on internal surface areas as shown in Tables IX and X
indicemtes, to o degree, the interlayer surfaces of expsnding lattice

material. An interesting feature is the similsrity of internal sur-

fece area presented by the fine clays of the slightly weathered parent

material of both profiles, The fine clays of Dennis have 219 (m)~ per
gram internal wsurfesce asrea while those of Parsons have 221 (m)2 per

gram internal surface area., The similarity of these two velues is short
lived in the processes of weathering and profile development that has

occurred in these two profiles,



47

The dsts presented thus far has shown measurements of the chemical
and physical cheracteristics of the clay sized meterials examined.
The proceedures used messure the sum of the characteristics of all of
the minersls present. No analysis has been performed to measure the
cherrcteristic of a specific mineral, X-ray spectrogravhs and differ-
ential thermal analyses were used in this study for the determination
of the presence of specific minerals in the two clay separates of each
horizon of the two profiles.

X-ray spectrographs indicated the presence of minerals not detect-
able by other methods of analysis, This is true of ouartz, vermiculite,

halloysite, =nd hydrous micas.
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s=ray and Differential Thermal Analysis
Modified tracings of some of the X-ray spectrographs zre shown
in Figures 1-4. The tracings shom in Figure 1, Dennis coarse clay

are typical of the spectrographic patterns,
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’ Angstroms Angstroms
Fig. 1. Dennis coarse clay Fig, 2. Dennis fine clay

X-ray Spectrograph 7 X-ray Spectrograph
There are no abrupt changes either in peaks or intensity ot
diffraction through the depth of the profiles. Differences in in-
tensity of diffraction as reflected by the height of the peaks, change
gradually from one horizon to the next,
Identificatipn of a mineral is accomplished by the occurrance of a
peak at an angstrom unit spacing that is characteristic to that specific -

mineral, The Aj_3 horizon of the Parsons profile has a very diffuse

pattern that indicates intensive weathering,
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The date presented in Tables XI and XII are the result of X-ray
and differentisl thermal examinations for the specific mineral present
in the two size fractions of each horizon of the Dennis and Parsons
profiles.

Table XI. Clay Minerals% Found to be Present in the Two Clay Fractions

of the Dennis Profile by X-ray and Differential Thermal
Analysis™™®

IField Coarse Clay Fine Clay
Horizon Differential Differential
Designation X-ray Thermal f-rav Thermal
A (I Q M) K M(K M/I) M (K)
Ay F(IVMQ) K M(V H Q) M (X)
B (IQ K M(V Hm H) M X
Bo K(I Q M) K M(V K) MoK
B3 K(IV Q) K M(I K) M K
c1 K(I M) K M(I K) M X
Co K(I M) K M(H K) M K
C3 K(I QM) K M(H K) M K

*M-Montmorillonite, E-Kaolinite, I-Illite, V-Vermiculite,
Q-Quartz, Hm-Hydrous Micas, H-Halloysite, M/I-Mixed-layered
Minerals., Domirant minersls present, outside parenthesis,”
other minerals present are enclosed by psrenthesis.
**Interpretation of data by Dr. S. B, McCaleb. North Carolina
State Experiment Station,
The Clay minerals shown to be dominent in the Dennis profile by
X-ray anslysis are montmorillonite and kaolinite, Kaoclinite is shown
to dominate the coarse clays and montmorillonite the fine clays. Illite
is shown to be present in all horizons of the coarse clays. All hori-
zons of the coarse clays except the B1 contain two minersls from either
the montmorillonitie, illitic or kaolinitic group.
In the fine clays, illite is shown to be absent except in the BB
and Cl horizons., A mixed layered grouping of montmorillonite and illite

probébly exists in the Ay horizon. Small amounts of halloysite, vermic-

ulite and hydrous micas exist in the fine clays.
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Differentizl thermal nnalysis substantisntes the presence of

montmorillonite and keolinite shown by X-ray analysis to be in the

two size seperates,

|
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1
x
; ;

" ue

. : Bty : '
217 13992 €) 55 46 40 35 31 28 277139 92 69 5..5_ 436 | 40 _3r5 3l 28
Angstroms _ Angstroms
Fig. 3. Parsons conrse clay Fig., 4. Parsons fine clay
X-ray Spectrograph X-ray Spectrograph

The results of X-ray analysis in the Parsons profile show results
similar to those of the Dennis profile, Montmorillonite is the dominent
clay mineral present in the fine clays. Kaolinite is shown to dominste
the coarse clays of all horizons except the surface where hydrous micas

are dominant,

A striking similarity between the Dennis and Parsons coarse clays
is the absence of montmorillonite in the B] of the Dennis and in the
Ap-1 and Ap_p of the Parsons. Other data have shown these horizons to

have been subjected to intensive weathering.,



Differential thermal analysis indicstes the presence of kaolinite
in the fine cleys in horizons where it was not.detected by X-ray analy-
sis. Illite is shown to be esbgent in the clays of the Ay 4, Az_l’ Bo 1
and B3_2 horizons of the Parsons profile.

Table XII. Clay Minerals' Found to be Present in the Two Clay Fractions
of the Parsons Profile by X~ray and Differential Thermal

w3

Analysis
Field Coarse Clavy Fine Clavy
Horizon Differential Differential
Designation I=ray Thermal L-Tay Thermasl
M Um(k Q M) K M MK
M2 K(Q M) K M (I Hm) M K
L K(I Q) K Mo(K) MK
A9_2 K(T Q) K M (K T) M K
2_1 K(I Q M) K M M M K
2 5 K(T M/T) K M M (T) ¥ K
B3_1 K(I Q M) K M M (1) M K
B3_2 K(I QM) K M M (Hn K) M K
Cy K(T Q w/1) K M (I K) MK
Csy K(I @ M) K M (I K) M K

*M-Montmorillonite, K-Kaolinite, I-Illite, Q-Quartz, Fm-Hydrous
micas, M/I-lMixed-Layered Minerals, Dominant minersls present
are outside perenthesis. Other minerals present are enclosed
by parenthesis.

**TInterpretation of analysis by Dr. S. B. McCaleb. North

Carolina State Experiment Station.

fwray and differential thermal analysis of the two size fractions
of the clays in both profiles show thst minerals of each of the thres
mineral groups, montmorillonite, illite and kaolinite are present in
each horizon. In horizons that contained only one or two of the
minerrls of the three mineral groups in one of the clay separates,
a mineral of the remaining group was present in the other size separate.

Quartz, an inactive material in cation exchsnge relstions, was

shown to be present in the clays of both profiles. Whiteside and

Marshell (52) interpreted an accumulation of quartz in surfrce horizons

as an indication of weathering and loss of less resistant materials.



No quantitative measurement was made of quartz., Its presence, as

indicated by X-ray analysis, suggests thet it is residuel.

Electron Microscope Pictures

Electron microscope pictures were msde of the msterisls found in
the two clsy fractions of each horizon of the profiles exsmined,

The identification of clay minersls by electron microscope plctures
hes inherent errors. The technique of mounting specimens on s viewling

T

screen involves dryiﬂé meterial from a dilute suspension. he possibile
ity of aggregation of particles upon drying cannot be avoided. Cone-
sequently, the objects seen in s picture msy be either single particles
or aggregates of smaller particles. Figures 5-7 are electron microscope
pictures of homogeneous clay minerals thet have heen used in this study
as reference minerals,

The light circuler objects in Figure 5 are holes formed ir the
collodian film on drying. The dark, angular figures in all of the
picturesvare shadows cast by the clay mineral particle.

' The charscteristic shape of each mineral of the three mineral
groups is shown in these figures. .Particles of kaolinite exhibit
sharp, distinct angles with many hexagonal particles., Montmorillonite
is composed of very thin plate structures that hsve few distinct edges.
Illite particles appesr to be dense, roughly angulsr psrticles with
little, if any définite configﬁrationo

Figures 8-15 were selected as representstive electron microscopic

photographs of the clays found in these two profiles.
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Fig. 5. Illite Fig. 6, Kaolinite
coarse clay coarse clay

Fig. 7. Montmorillonite
corrse clay
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Fig. 8. Dennis A, Fig. 9. Dennis Ay
fine clay coarse clay
Fig. 10. Dennis B, Fig. 11, Dennis B,

fine clay coarse clay
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Fig. 12, Parsons Aj_; Fig. 13. Parsons A 2
fine clay coarse clay
Fig. 14. Parsons B Fig. 15. Parsons By ,

fine clay 2-1 coarse clay
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The coarse claysrof both profiles are ‘distinectly anguler psrticles.
Data in Table VII show these minerals to have a low exchange capacity.
They are minerals that contain a high percentsge of non-exchangeable
pqtassium. X-ray analysis shows them to be dominantly ksolinitic
with lesser amounts of other minerals present.

The fine clays of the two profiles exhibit perticles with shapes
similer to those of the coarse clays, but in reduced size. Many of
the smaller psrticles are very thin snd indefinite in their outline,

No distinct changes were observed by electron microscope pictures
in the physical characteristics between horizons in either of the two

profiles.

Quantitative Estimation of Minerals

The dats from results of ethylene glycol and non-exchangeable
potassium analyses have been used to estimste the relative percentages'
of montmorillonitic and illitic minerals present in a mixture. Data
from these analyses and from cation exchange values have been used by
Wilkinson and Gray (54) and Martin (39) for clay minersl estimations
in similer studies. |

Quantitative estimation of the amount of a specific mineral group
found to be present in the two clay fractions of the horizons of the
profiles studied was made by evaluation of ethylene glycol retention
values for expsnding lattice type clays and non-exchangeable potassium
for non-expanding 2:1 lattice layered minerals.

The use of surface areas and potassium content in estimating the

quanities of specific mineral groups present has numerous inherent

errors.
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In estimations of minersl quantities by internal surface sreas,
all of the.internal ethylene glycol retention is credited to montmorill-
onitic type minerals, Other minersls are known to exhibit inter-lsyer
expansion, Illite exhibits limited expansion =nd shrinkege character-
istics. Vermiculite, shown to be present in some of the samples by
X-ray analysis, is an expanding type minersl, Halloysite also exhibits
inter-layer adsorption. No specific analysis can be made of = mixture
to measure the interference these minerals have in the results of
surface ares determinations.

The quantity of vermiculite present, because of its exprnding
nature ig included with the montmorillonitic type minerals.

All of the potassium found in the clays was assumed to be present
in the mineral structure of i1llite., Illite i1s variable in its potassium
content, Grim, Bray and Bradley (13) found it to contain from 4.7 to
6.9 percent K50. The sample of illite used =as & reference minersl in
this study contained 6.8 percent K,;0 in the fine frection and 7.5
percent in the cosrse fraction., Hydrous micss, shown to be present
in the profiles examined, is higher in potsssium content than is illite.

In this investigstion the value obtained for the internal surface
aress of the two size fractions of the montmorillonite reference ssmple
was taken to represent 100 percent montmorillonite., These two vmlues
were 504 (m)2 per gram of clay in the less than .1 micron sized particles
and 408 (m.)2 per gram clay in the 2-.1 micron sized particles.

A similar method was used to estimete the illite content. Six

percent K,0 was used to represent 100 percent illite, The illite

content of the sample was computed relative to this figure,
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7 The sum of the values for montmorillonite and illite in a sample was
subtrmqted from 100 percent. The remainder was assumed to be other minerals
indicated to be present by X-ray}&nd differential thermal =nalysis.

X-ray snd differentis]l thermel analysis hes shown the remrining
unknown portion of the sample to be dominsntly kselinite, however, quanti-
ties of quartz, and halloysite of the kaolinite minersl grovp is probably
present in the clays of the two profiles,

In estimeting the mineral content of an unknown gample by these
methods, contaminstion by minerals thet exhibit characteristics similar
to the mineral group being analyzed for is probebly the lergest single
source of error, Martin, (39) using these methods of estimation in a
similar investigation, considered his values to be correct within an
error of plus or minus 10 percent.

The values given in Table XIIT are estimetions of the amount of each
minersl group found in the two size separates of the clays in the Dennis
profile,

Table XIII. Estimation of the Mineral Content of the Clays
in the Dennis Profile

Minerals® .1 Micron Minerals 2.1 Micron
Horizon M. I, K.Q.Ete, M. T, .0, 8Bte,

3 7 % % % %
Ay 31 41 28 7 78 15
A3 29 32 39 10 74, 16
By 28 34 38 16 76 8
B, 31 30 39 7 76 7
B3 32 32 36 14 78 8
¢y 40 40 20 10 75 15
Cs 50 40 10 9 78 13
C3 4 28 28 8 85 9

* M-Montmorillonite, I.-Illite, K.-Kaolinite, Q.-Quartz.
In the fine eclays, illite snd montmorillonite mineral groups are

present in nesr equal proportions through the depth of the solum, The
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montmorillonitic type with its higher exchange capacity and shrinking
and swelling cheracteristics is dominent with the percentsge that is
present in the mixture.

The coarse clays are shown by the data in Table XIIT to be dominantly
illitica This is in contradiction to the results of X-réy and differ-
ential thermal examinations. Illite is indicested to be presant in the
coarse clays of all horizons of the Dennis by X-ray analysis, bub not
as the dominant mineral. Differentisl thermal analysis did net detect
the presence of illitic minerals. Grim (12) stated thet X»rayzanalysis
could be used for positive identification of i1llitic minerals, but that
differentisl thermsl analysis was of little value in illite determin-
ations. The high K50 content of the cosrse clay shows this size
frection to contaln a high: percentage of illite.

Table XIV. ©Estimation of the Minersl Content of the Clays in the
Parsons Profile

, Minerals* <« .1 Micron Minerals 2-.1 Micron
Horizon M, I, K.Q. Ete. M, I, K.Q, Ete,
) % % % % % %
A1 56 27 17 5 70 25
A% 58 30 12 7 64 29
A5 g 48 28 2/, 11 71 18
Ay 48 26 26 17 &7 16
By ; 42 27 31 28 Al 11
B5 > 50 27 23 11 70 19
B3 1 52 27 21 12 69 19
By 5., n 16 2 & 3
c; 55 29 16 9 63 28
c; 4 52 4 8 U 48

*M,-Montmerillonite, I,-Illite, K.-Kaolinite, Q.-Quartaz,

Values obtained in estimating the percentage of each mineral
group present in the two cley fractions of the Parsons profile are

presented in Table 14.
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~ The fine clays of the Parsons profile are shown to be dominantly
montmorillonite. The data presented in Table XIV show the coarse clays
of the Parsons profile to be dominantly illiticas were the corrse elays
of the Dennis,

Mechanical analysis has shown the Parsons profile to be strongly
developed and to have undergone extensive eluvisztion and illuviatien.
If selective eluviation of a specific mineral group has cccurred, it
should be apparent in the detailed breakdown of ths profile ss shown in
Table XIV. The method by which the data of Tables ZIIL and XIV are
derived eliminates the effect of normel eluvistion and illuviation,
Increases or decreases in a mineral group which cccur in the date must
neceggarily be results of the effects of weathering or due to selective
eluviation,

In the Parsons fine clays (Table XIV) there is an increase in
kaolinite content in the A, and B horizons. There is a decresse in the
kaolinite content in the coarse clays in these same horizons. The
change in both fractions is apparent in the A, horizon, the horizon
of maximum eluviation, and reaches its maximum in the B2m1' The fact
that these changes occur in the horizons which they do, suggest westher-
ing of material from coarse to fine sized fractions.

Calculations, combining the sum of the specific c¢lay minerals of
the two size fractions of each horizon derived by ethylens glycol re-
tention and non-exchangeable potassium values, snd the mechanicsl aﬂély;
sis of the c¢lay content in thet horizon, revesls some interesting in-
formation. The result is an estimate of the amount of each minersl
group present in the horiszon,

The data presented in Taeble XV are the estimated percentages of

-each mineral group present in the horizons of the Dennis profile,
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The illite content of the clays of the Dennis profile is s striking
festure. The slightly weathered psrent material is very high in illite
content. As morphological processes proceeded the illite content was
gradually and consistently reduced. Weathering, shown by other date is
substantiated by these values.

Table XV. Estimestion of Percentages of Different Clay Minerals Found
in the Dennis Profile

Clay * Mont- ' Kaolinite
Horizmon Content morillonite I1llite Quartz, Bic.

B o % o % z

Ay 20 5 10 5

Ay 23 5 11 7

By 31 8 13 10

Bs 43 10 19 14

B3 L2 11 21 10

Cq 43 12 23 8

Co 41 10 25 6

C3 37 ' 8 23 6

The ircresse in kaolinite content in the B horizons shows illuvi-
ation of this mineral group. Mechanical analysis hes shown illuviation
in the Dennis profile to be confined to the fine clays. The data sug-
gest that ksolinitic andvmontmorillonitic minerals of the fine clays - -

were illuvisted.

in the illitic type minerals and was confiped primarilyyfo the coarse
clays.

Estimations of the amounts of each clay mineral group found in
the Parsons profile are given in Table XVI,

Illuviation that was evident in two of theymineral groups in the
Dennis profile, Table XV, is apparent in each df'the three mineral

groups in the Parsons profile. Weathering thst was indicated by
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other desta is over shadowed by the processes of eluviation and il-

luvistion in the Parsons profile,

Table XVI. Estimation of Percentages of Different Clay Minerals
Found in the Parsons Profile

Clay Mont- Kaolinite
Horizon Content morillonite T1llite Quertz, Etec.
% % % %
81 12 6 4 2
A2 12 6 4 2
Ao q 14 4 7 3
Ay 26 11 8 7
Bo_ 1 58 22 20 16
B3-2 59 25 22 12
B3_1 49 23 17 9
B3 2 38 18 13 7
c1 36 18 12 6
Cy 40 16 20 4

Thelvery high montmorillonite content of the Parsons fine clays
which was apparent in Table XIV, loses much of its significance when

the fine clays are combined with the coarse clays.



SUMMARY AND CONCLUSIONS

Two soils of extensive areas in esstern Oklahoma were ex-mined to

[

determine the twpe and amount of each clay minersl proup present
the clay sized fraction of erch horizon,

The Dennis and Parsons series were sampled by horizon snd sub-

forb
el
5

5
raia

horizon to the depth of the slightly weathered parent mat

@

clay portion wasg sepsrated from a sample of esch horizon by sedimsn-
tation, This fraction was further fractionsted by uss of & Sharples
supercentrifuge into the size groupings of psrticles with dismsters

of 2-.1 micron and particles less than .l micron in diameter,

The materials found in these two fresctions were examined by chem-
ical analysis, X-ray and differentiasl thermsl technicues, and with the
¢lectron microscope., Irom the results of these examinstions, the clay
mineral groups present in each of the two size separstes of the clay
“fraction in esch horizon were determined and the amount of the clsy
mineral groups presgent estimated,.

The Dennis profile wag found to be domiperitlyillitic with & high
percentsge of montmorillonite present. The dominant minersl in the
Parsons profile was found to be montmorillonite with & high percentege
of illite present, Kaolinitic type minerals were present in both
profiles.

The clsy fractions of both profiles contained high percentasges

of particles less thsn .] micron in diameter. The cosrse clay content

of the surface horizons of both profiles wss minor, The lower horizons

63



b4

of"the Dennis profile contained high percentages of coarse clay sized
materials,

Weathering in the two profiles was noted by the change in totel
surface area of the clay sized particles. The loss of coerse clay
content in the upper horizons of the Dennis profils was sttributed to
weathering. Estimation of the smounts of specific mineral groups
present showed the coarse clays of the Dennis to be dominandly illits.
Wegthering in the coarse clays of this profile wag extsnaive in the
illitic type minerals,

The possibility of selective eluvistion of specific minersl
groups in profile weathering was investigated., All minersls wesrs pre-
sent in the illuviated material in a ratio similar to their occurance
in the clays of the topsoil.

Eluviation in the Dennis profile was primsrily confined to the
particles of less then .1 micron in diameter. In the Parsons profile,
both size fractions were eluvisted. Although s large volume of the
illuviated material was composed of particles less than .1 micron in

diameter, these materials were not selectively eluvisted.
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