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INTRODUCTION

Very little research has been completed in regard to the character-
ization and genesis of the soils in the United States and practically
none on the Reddish Prairie Soils.

A movement is new underway to collect the basic ehemical and
mineralegical data of the soils of the United States in hopes that a
gomplete characterization study, for at least the more important soils,
will be available in the near future. The objective of this report is
to furnish this data for two soils of the Reddish Prairie Great Soil
Group.

The Reddish Prairie soils were chosen because of the lack of
information sbout these soils and because of their great extent in
Oklahoma, Two representative scils of this group, the Zaneis and
Kingfisher, were selected in hopes that the information obtained from
them could be applied, in a broad semse, to the other closely related
soils, They were also selected in order te establish how closely
they are related, and if they are different enough to justify separa~
tion into two separate series,

The ultimate objective of chemical and mineralogical studies is
their correlation with plant growth factors, Therefore, data of this
type will be a valuable aid, not only in soil classifieation, but to

all the fields of study involving the s=oil.



REVIEW OF LITERATURE
The Significance of Clay Mineralogy

It is a well established fact that clay minerals are of fundamental
importance in the soil, Since their recognition as crystalline materials
(1k, 22)1, many detailed investigations have been conducted to determine
the specifiec types and amounts of clay minerals present in soils, Data
of this type have been usged in many ways for a better understanding of
the inherent properties and characteristics of the soil,

Mineralogical data, such as the type and amount of clay mineral
present and its location in the soil profile, have been used as an
index for the chemical and physiecal weathering and the seil formation
processes that have ftaken place in the formation of the soil studied
(¢, 17, 19, 20, 25, 26), Several investigators (8, 20, 25, 26, 40) used
this information, along with a baéic chemical and physical character—
ization, to establish the genésis of grassland soils in studies very
gimilar to the one presented in this report.

Judging from these investigations, there seems to be no set pro-
cedure for using this information to the best advantage. Due to the

many and varied factors of soil formation, omne has to collect as much

1Figures in paranthesis refer to literature cited.



data as is deemed necessary and from this data, attempt to reconstruct

the series of events that led to the formation of the soil in question.
Methods of Analysis

There are several methods currently employed for the identification
of clay minerals as to type and amount, Usually, twe or more of these
methods are employed since no one method seems adequate for scil clays.

A brief review of each of the methods used in this ianvestigation,
its scope and limitations, are as followss

I-roy Analysis

X~ray diffraction serves as & major %tool in the characterization
of clay minerals, Since its introduction by Hendricks and Fry (1l4) and
Kelley, Dore, and Brown (22), a great deal of time and effort has been
spent in developing methods and techniques which would permit more
positive identification and characterization of clay minerals with
I=ray diffraction.

Barly investigators (14, 28, 34) established that each group of
minerals have X=~ray diffraction lines that are common to that group,
although several lines are common to all of the clay minerals,

Whiteside and Marshall (39) used the X-ray diffraction lines shown
in TABLE I for positive identification of specific clay minerals., The
lines shown for vermiculite were suggested by Gruner (12),

From the values in TABLE I, it can readily be seen where some con-
fusion might result, Further éonfusion was added when several later
investigators found some monitmorillonites could give lines as low as

¢
14 or 15 A, This means that montmorillonite, vermiculite, and chlorite



o
can all give X-ray diffraction maxima at about 1% A, Chlorite also
!
gives a basal spacing of 7 A which corresponds to kaolinite,
TABLE I
X-RAY DIFFRACTION LINES OF MINERALS

Common %o Verm- Montmor-
all minerals Quartz Kaolins Chlorite Illite iculite illenite

angstrom units

boh h,2 7.2 14,0 10,0 14,0 17.4
2,5 3.3 3.6 7.0 5.0 9.2 3.1
3.3 Fe.3

Bradiey (i) and MacEwan (28) found that montmorillonite can be
separated from vermiculite and chlorite by complete glycerol or glycol
solvation of the sample, after first saturating with a divalent cation,
priocr to X-ray analysis, Thisg treatment results in the glycol, or
glycerol, entering the interlayer space and expanding the clay to give
an (001) basal spacing of 17 to 17.7 &

Kunze (24) found that some montmorillonites will not retain a
double layer of glycel in the interlayer gpace vhen dried under atmoge
pheric condltions, and that data obtained from such samples can lead
to the misinterpretation of mixed layer minerals unless certain pre-
caubions are teken in the preparation of samples, He found by allowing
the samples to reach equilibrium with an atmosphere of ethylene glycol,
after careful glycol solvation, this difficulty was overcome,

Walker ((38) found that vermiculite can be readily identified

o

because its X-ray maxima shifts to 10 & after heating to 30C %o 500%¢

if sufficient precautions are taken against rehydration, This, and



the fact that glycol or glycerol solvation has no effect upon its basal
spacing, may be used as an identification procedure {38},

Brindley and Robinson (2) report that heating at K50 to 600°C for
one-half hour is sufficient to decompose minerals such as kaolinite,
halloysite, and chamosite, but that most true chlorites will not
decompose at this temperature. This gives a means for distinguishing
chlorites from kaolinite,

Grim, Bradley, and Brown {11) found illite to be essentially
unchanged by any of the treatments mentions here and it still gave
gtrong diffraction patterns at 10, 5, and 3.3 g;

By use of these procedures, montmorilleonite, vermiculite, illite,

kaolinite, chlorite and quartz can usually be identified by Xray

diffraction analysis.

Bthyvlene Glvecol Retention

Dyal and Hendricks (6) introduced ethylene glycol retention as a
measure of the surface area of clay minerals. They attempied to obtain
a monc-melecular layer of glycol over the entire surface, both internal
and external, of a hydrogen saturated clay sample. The weight of glycol
retained by the totel surface area of the clay was calculated and another
gample of the H-clay was heated at 60000 $0 collapse all the expanding
lattice minerals prier to glycol sclvation, From these samples, the
external surface area was calculated, The internal surface due %o
expansion of lattices could then be calculated by difference. This

procedure does not give the exact equilibrium point for a mono-molecular

layer beczuse the samples continmuously lose glyeol,



Martin (29) revised this procedure to include a free glycol surface
and saturation of the sample with a divalent cation, He found by using
the free glycol surface that the surface of the clay sample will reach
an equilibrium with the atmosphere of glycol and the weight of the
semple will remain almost constant (1:0.3 mgm), Using this method,
the equilibrium point is readily obtained with good accuracy.

The results of the two methods can best be shown by inspection

of TABLE II,
TABLE II
GLYCOL SORPTION OF REFERENCE CLAY MINERALS
- Kaolinite Halloysite Illite Montmorillomnite
mgm/em sample,

Dyal and :

Hendricks 6.7 20 7% 255
Martin 17.0 76 20 28%

Martin (29) made no attempt %o correlate glycol retention with
surface area, He believed the retention value was unique and reproduc-—
ible for any given clay and saw no need to introduce another possible
source of error by attempting to caleculate surface area.

In a later paper, Dyal and Hendricks (7) reported glycol retention
for a gseries of montmorillonite and kaclinite mixbtures, They found a
linear relationship between glycol retention and per cent montmorillénite,
They believed that sﬁrface area determinations were very indicative of
the type and ambunt of clay present,

Total Non-—exchangeable Potassium

Total non-exchangeable potassium has long been used as an index



for the amount of illite, or hydrous mica, present in clays despite a
great deal of disagreement as to the percentage Kp0 of illite, A great
deal of this disagreement is probably due to previous reports where
hydrous micas were used for pofassium determinations and a considerable
amount of variation was found as %to tobtal potassium content. Using the
present system of dividing hydrous micas into their component parts
(17, 18, 29, 32}, a good reason for this variation has been established,
It has recently been proposed that the illite percentage of a
sample, below which the illite content is unlikely %o fall, be calculated
on the basis of a 10 per cent X,0 content in illite, fthe Ky0'atiributed
to feldspar, if present, first being execluded (18), Schmehl and Jackson
(35) found the illite content calculated from thie value gave very good

agreement with other data,

Differential Thermal Analysig

The volatilization of water, whether adsorbed or derived from
lattice OE ions, is accompenied by an endothermic reaction, Thig is
reflected by a lag in the temperature of the sample relative to that of
- an anhydrous reference mineral that is heated at the same rate. On the
otherhand, energy is set free ag a result of molecular rearrangements,
The differential thermal analysis shows the temperatures at which these
effects take place. An endothermic dip in the differential thermal
curve indicates the losg of water, and exothermic reactions are reflected
by rises in the temperature above that of the reference material (21),

Orcel and Csillere (31) first showed the endothermic dips and

exothermic peaks of D.T.A., graphs to have value in the investigation of



clay minerals, Since that time a great deal of work has been devoted

te the study of D.T.A, as & qualitative and quantitative tool for estimating
presence and quantity of clay minerals in mineralogical and soil gamples,

It has been shown that the temperatures at which these dips and peaks

take place are highly characteristic for kaolinite and fairly so

for montmorillonite (21), Unfortunately, the thermal curve for hydroums
mica is not always clearly distinguishable from that of montmerillonite

in soil elays. (21).

A% the present time, the D,T.A, of ¢lay minerals has many limitations
for both quantitative and qualitative analysis, but it can be a valuable
t00l when used with other methods, Iﬁ will detect some minerals present
in small amounts that X-ray would migs, It can also give a good

- quantitabive estimation of the kaolinite minerals (27).

Cation Exchanze Capacity

Grim (10) states that the cation exchange capacity of clays stems
from two sources, One source ig the broken bonds created by mechanical
logs of molecules around the edges of silica-alumine units, The other
source results from unsatisfied charges within the lattice structures
due to atomic substitution,

Owing to different particle sizes, amounts of substitution, and
interlayer expansion, the clay minerals have been found to have widely
varying cation exchange capacitiesg, BSome have a wide enough difference
to be of aid iun a quantitative estimation of the amount ¢f clay minerals.
in a sample,

Ormsby and Sand (32) found base-exchange determinations made on
montmorillonites, illites, and mixed--layer aggregates te be a good

methed for the analysis of mixed-layer aggregates, They found a



linear relationship between the base-exchange eapacity and per cent of
montmorillonite in montmorillonite~illite mixtures., The results of this
work indicate that the cation exchange capacity of pure illite is 18
m.e.,/IOOgm9 which is considerably lower than the value found in older
literature, and montmorillenite was reported to have a exchange capacity
of 95 m.e,/100gm, These values were substantiated by Frysinger and
Taomas (9) who reported the cation exchange capacity of montmorillonite
and 1llite to be 98 to 109 m,e,/100gm, depending on the source, and

16.8 m, e, /100gm respectively,

Judging from the results of several investigators (10, 15, 21, 23),
the cabion exchange capacity of kaolinite will vary from 3 to 15 m,e./100
gn, depending on the size of the particles present,

The exchange capacitlies of chlorite and vermiculite also exhibit a
good deal of variation, Grim (10) gives the base-exchange of chlorite
and vermiculite to be 10 to 40 m,e,/100gm and 100 %o 150 m.e,/100gm
respeciively,

Martin (29) end Ormsby and Sand (32) found the hydrous micas to
have varying exchange capacities, They attributed this to the fact
that the hydrous micas seem %o be intermediate, or interstratified,
montmorillonite~illite complexes, and the exchange capacity will depend
upon the predominating mineral.

From the data listed here, it is eagy %o see why cation exchange
capacity is not very well adapted to the qualitative determination of
clay minerals, It does, however, lend itself very well %o a quanti~
tative estimation once the types of clay minerals present are egtab-

lished,
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MATERIALS AND METHODS
Soils

The soils used in this investigation are of the Zaneis and King-
fisher soil series, The two series occur extensively on the erosicnal
upland of central and north central Oklshoma, The Eingfisher series
occurs a little to the west of the area oecupied by the Zaneis series,

Morphologically, the two series appear to be very closely related.
Both soils were desveloped from similar parent materials and under
gimilar envircmments. In fact, some question has arisen as %o whether
they should be classified as different soils,

For thies study, four Zaneis and two Kingficher soils were chosen,
Two sites, considered to be representative of the series, were selected
in each of three countiesy Payne, Oklahoma, and Kingfisher, The soil
at each site was sampled in detail, The samples were brought to the
laboratory, allowed to air dry, and crushed to pass a 60 mesh sievé.
The samples were then stored in cardboard ice cream cartons until used.

The profile description and site locations of each soil are as
followss
Zapeis Loam No, 1
Collected bys Fred Driee, Fenton Gray, W.R. Bain, and HE.D, Molthan,
Locations: 2 mi B and 2 mi N of Stillwater, 950 ft W of ¥ quarter corner

or 1782 ft B of NW corner of sec 7, T19 N, R 3 B,
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Site: Normal erosienal upland with convex surface and gradient of about
2 per cent, The area is in a native meadow mostly of tall grasses
adjeining a cultivated field to the'east.
Profile:
Ay 0~-9%  Dark brown (7.5YR 4/2, 3/2, m) loam or silt loam; moderate
medium granular: friable;lparous; roots abundant; pH 5.9:; grades to
horigzon below,
B, 9=15" Dark reddish-brown (5YR 3/3) clay loam; weak subangular
blocky:; friable; permeables; pH 5.6; roots abundant: grades tec horizon
below, _
Bo  15-24" Dark reddish~brown (5YR 3/3, 2/3, m) heavy clay loam;
weak subangular blocky: more clayey than horizon above; moderately
frieble; permeable; pH 5.T7: porous: roots abundant:; some fine ferrug-
inous concretions; grades to horizon below,
B3 24-36% Reddish-brown (FYR 4/3, 3/3, m) sendy clay loam; moﬁuled
vith yellowish-red (5YR L/6); weal subengular blocky; moderately
permeable: few ferruginous concretions; roots abundant; pH 6.0.
¢ 36-46" Reddish-brown sandy clay loam with seams of weathered
sandstones weakly stratified with heavier clayey material; pH 6,2,
Dr 46"t  Dark reddish-brown (2,5YR 3/Y4) well ingurated sandstone;
very slightly friable; pE 6.k,

The parent material develops in thinly bedded sandy rocks of the
Chase group of the Wellingbon formation which is here composed of

alternating bands of sandstone and clays,



12

Zaneis Loeam No, 2

Collected by: - Fred Dries, Fenbon Gray, Ruel Bain, and H.D, Molthan,
Iocation: 1% miles W of Oklzhoma State University Dairy Bara, 1520 ft
E of SW corner sec 8, T 19 N, R 2 &,
Site: Normal erosional upland with weak convex surface and gradient of
2 percent, Area is a native tall grass prairie,
Profiles
Ay 0-11% Very dark reddish-gray (5YR W/2, 3/2, m) loam or silt
loam; moderate medium granular: porous; friable; permeable; roots
abundants pH H.9: grades to
By 11-23% Yellowish-red (5YR 4/8, 3/4, m) clay loam; prismatic to
weak subangular blocky; friable; permeable; porous; roots abundanty
pH 5. e.
Bo_y 23-3%2% Yellowish-red (BYR 5/6, 3/%, m) silty clay loam; structure
same as above; very hard dry; pH 5.7.
Bo.p 32-L420 Dark reddish-brown (5YR 3/4, m, 4/6, crushed dry) eilty
clay loamg structure same as above; few ferruginous concretions; pH 5,8,
Bz 3 U42-4g" Yellowish-red (5IR 5/6, 4/6, m) sandy clay; stratas of
soft weathered semdstone; more iron concretion than above; weak sub-
engnler blecky: pH 5.9,
B3_p 48-58" Dark red (2,5YR 3/6) weak subangular blocky; iron con-
gretions increase with depth: some stratified layers of rather raw shale
and weathered snadstone; pH 6,2,
c B&-78" Dark reddish~brown (2,5YR 4/4, 3/4, m) definitely weather-
ed sandstene and shale; pE 6,5,

The parehﬁ material develops from alternating 5ands of sandstones

and shaleg of the Chase group of the Wellington formation,
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Zaneis Loam No, 3

Collected by: HM. Galloway, Ruel Bain, H.D., Molthan, and Andy Levin.
Ivcation: Due N of Edmond between Sante Fe railroad and section line
road in NW SW sec 13, T 14 N, R 3 W and .62 mi S of ¥W corner sec 13,

Sites Gently sloping erosional upland; surface convex; gradient 2 per

cent,
Profiles
Ay 0-11" Brown (7.5YR 4/2, 3/2, m) loam or silt loam; moderate

medium gramilar; friable; porous and permeable; pH 6,Y4: grades to the
layer below,

By 11-16" Brown (7.5YR 4/3, 3/2, m) clay loam; moderate medium gran~
ularsy friable %o firm; crumbly moist; many pores and worm holes; pH 6.1;
grades slowly to the layer below,

Bo.y 16-27" Reddish-~brown (6YR 4/3) heavy silty clay loam ; moderate
medium subangular blocky: firmy many fine black, soft coneretions:
porous; clay films on peds; pH 6.2,

Bo.p 27-39" Reddish-brown (FIR 4/L) light clay; compound moderate
coarse prismatic and moderaﬁe coerse subangular blockys very firm; very
hard dry; crumbly moist: sides of peds have distinct clay films; crushed,
red (3.5YR 4/€); meny incipient black concretions; pH 6,43 grades to the
layer below,

By 39-52% Red (2.5YR L4/6) light clay with a few yellowish red mot-
tles and rounded black spots which are ferruginous films; moderate
medium prismatic and moderate coarse subangular blocky; firm; very hard
dry; sides of peds darker than interiors; clay films indistinct; pH 6.5;

grades to layer below,
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0y 52~64" Red (2,5YR 4/8) sandy clay streaked and mottled with light
brown (7.5YR 6/4). This is partially weathered intercalated soft thin
bedded sandstoné and red silty clay beds; pH 6.9: grades to layer below,
Co 64-g1% Stratified dark reddish~brown coarse sandy loam and
slightly hardened red sandstone with occasional lenses of red clay,
vhich has cubiedal breakage; pH 7.0.

Roots are well distributed in Ay, By, and Bp j and are largely
between peds in the 33 and ¢, This develops in the upper part of the
Garber formation which is very close to the contact with the Hennessey
formation,

Zaneis Loam No, 4

Collected by: TFenton Gray, Ruel Bain, and Harrell Molthan,

Locations 0.6 mi west of Waterloo store on Oklahoma~Logan county line,
380 feet west of the north quarter cormer sec 2, T 14 N, R 3 W,

Site: Gently sleping erosional upland with weak convex surface and
gradient of about 2 per cent, Site is in a fence row with a vigorous
growth of %all prairie grasses including big and little bluestems,
Indian, and switchgrass and with some side oats grama,

Profile:

A 0-8" Dark brown (8.5YR 4/2, 2/2, m) loem; week fine to medium
granulars frisble; porous; numerous roots; pH 6,3; grades to the horizon
belﬁw.

A 8-14% Dark brown (7.5YR 4/3, 3/3, m) light clay loam; moderate
medium granular; frisble moist; roots slightly less numerous than in Alg
many fine pores; pH 6,2; grades to

B, 1U4-22" Derk reddish~brown (5TR 4/3, 3/3, m) clay loam; wesk coarse
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granular to weak subangular blocky; faces of peds have colloidal coat-
ings; some roots are presents pH 6. 3; abrupt boundary with next layer,
Bo.p 22-33" Dark reddish~brown (5IR U/4, 3/4, m) heavy clay loam;
shrong medium subangular blocky and wesk coarse prismatic; pronounced
colloidal coating on peds; hard when dry; pH 6,3; grades to the layer
below,
By > 33.42% Reddish-brown (5IR 5/5, 4/4, m) light sandy clay;
moderate medium prismatic and moderzste medium subangular blocky; very
firm: very hard vhen dry; slowly permeable; discontinuous dark coat-
ings of peds; a few fine pores; pH 6,5:; boundary with next horizon
rather abrupt.
¢  L2-B4" Red (2,5TR 5/6, 4/6, m) fine sandy loam with seams of
partly weathered sandstone: contains a few small clay balls; friable
when moist; pH 6,6: rock color and hardness change slightly in lower
part where it grades %o
Co Bi-6U" Red (2,5YR 5/8, 4/8, m) weakly conselidated sendstone
vhich is frisble when moist and hard vhen dry; pE 6.7.

Roots are well distridbuted down to and including the Bp_ o, In the
Gy and @2 they are very small in size and few in number and are mostly
in seams and cracks.

The parent material forms in weakly consolidated sandstones which
are part of the upper Garber fermation near the contact with the
Hennessey formation,

Kinefigher Silt loam No, 1

Collected by: Carl Fisher, H. M, Galloway, Ruel Bain, Jim Qulver, and

Andy Levin,



16

Iogation: 2,0 miles B of main corners in city of EKingfisher on highway
33, 1500 £t B of NW corner sec 24, T 16 ¥, R 7 W, |

S5ites A native pasture which is dominately of short and mid grasées
including buffale, blue grama, side oats grama, and‘scattered clumps of
little bluestem, Gradient 13 to 2 per cent, wesk convex,

Profiley

Ay 0-10¥ Brown (7.5YR 4/3, 3/3, m) silt 1oaﬁ; moderate medium
grannlar: friable; a few fine pores; abundant fine roots; pH 6.5; grades
to the layer below,

By 10-14" Reddish-brown (5YR 4/3, 3/3, m) silty clay loam; strong
medium subangular blecky; firm; a few holes, worm casts and pores; pH
6,4: grades to the horizon below,

Bp.y 1L-21" Reddish-brown (2.5YR U/UW, 3/3, m) silty clay loam; com-
pound moderate medium prismatic and strong coarse subangular blocky:
firm; very hard dry: continucus clay films on peds which are about one
value darker than interiors; roots are well distributed along the prisﬁs
and through the pedsy pH 6,4: grades through a %*inch transition to
layer below, |

Bpo 21-32" Reddish-brown (5YR 4fh4) silty clay loeam with a few small
red spots; compound moderate medium prismatic and mecderate coarse sub-
angular biocky; very firm; very hard when dry: pH 6,7; sides of ped have
dark reddish brown clay film coatings which are one value darker than
the interiors; grades to the layer below,

BB 32-42% Yellowish-red (BYR 4/6, crushed 5/6) silty clay loam;

with structure like horizon above: sides of peds are slightly coated -

with dark reddish-brown films; a few fine soft black films; very firm;
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very hard dry; pH 7.1l:; grades indistinctly tc the layer below,

Gy U2-.52% Red (3.5YR 5/6, 4/6, m) heavy silty clay loam; compound
weak medium prismatic and weak blocky; very firm; very hard dry; a few
very fine pores: pH 7.7: grades shortly to the layer below,

Co 52-65" Red (3.5YR 5/6, 4/6, m) heavy silty clay loam; wesk medium
blocky; about like the €1 horizon but has a few vhite sandy grains in
the masss noncalcareous; grades to layer below; pH 7.8,

G 65-74% Red (3,5YR 5/6) silty clay loam with seams of fine grained
noncalcareous sandstone about 1/8 inch thich; a thicker band of this
flat-bedded sandstone limits further digging at T4 inches; pH 8,3,

This parent material is formed from the Cedar Hills sandstone
member of the Hennessey formation, Roet are well distributed in all
layers down %o amd including the Cy. Below this they are sparse and
oceur only in naiural cracks,

Kinafisher 5ilt Ioam No, 2

Gollected by: Carl Fisher, H,M. Galloway, Glenn Williams, and Harrell
Molthan,

Location: + mi W of Okarche in SESENE sec %6, T 13 N, R & W,

Site: Is a native pasture mostly of short and mid grasses, Gradient
1% per cent, weak convex,

Profile:

Ay 5 0-T" Reddish-brown (5YR W/, 3/, m) silt loam; moderate medium
granular; friable: permeabley pHE 6.4;: grades to

Ao 7-14"  Same as zbove except that structure is slightly stronger;
pH 7.0:; this grades through a 2-inch transition to the layer below.

A, 14-19" Reddish~brown (5YR 4/, 3/4, m) heavy silt loam; moderate

ot

medium gramlar; friable: numerous pores and fine root holes; pH 7.2;
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grades to the horizon below,

B 19-28" Reddish-brown (2,5YR 4/, 3/5, m) silty clay loam; moderate

2-1
medium subangular blocky; firm; weak clay films on peds which are darker
than interiors; pH 7.3; grades to

By p 28-36" Reddish-brown (2,5YR 4/4, 3/4, m) heavy silty clay loam;
compound coarse prismatic and week medium blocky; firm: slowly permeable;
pHE 7.3 clay films apparent; surfaces darker than interiors; grades to
the layer below,

B3 36-U4% Red (2.5YR 4/6, 3/6, m) silty clay loam much like layer
above but without the clay films; a few black spots and partly weathered
gandstone fragmén‘bsg pH 7.3: grades to the layer below,

Gy 4W.56% Red (2.5YR ‘)-#/8, 3/8, m) heavy loam between seems of
slightly hardened fine grained sandstone; slightly or indistinetly
laminated with silty strata; pH 7.8; changes slightly to an easier
digging, less hard layer below,

C;,  56-68" Heavy silty clay loam which is of slightly hardened silty
rocks; this rests on a thicker, hardened layer of sandstone at 6% inches
which prohibits deeper digging: pH 8,2,

There is good root distribution through the Bp_o. Below this the
roots are smaller, less abundant, and occupy only the natural cracks
betweén peds,

The parent material is weathered from the Cedar Hills sandstone

menber of the Hennessey formation,
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Methods of Analysis

Chemical Analysis

The chemical amalysis of each sample was made as follows: The pH
was determined with a Beckman glass electrode pH meter bn a 1l:1 soil.
water paste, The organic matter was determined by the potassium
dichromate wet oxidation method of Schollenberger (36), Total nitrogen
content was determined by the Xjeldahl method according to Harper (13),
Total phosphorus determinations were made by perchloric acid digestion
and development of the molybdate coler complex according to a procedure
by Shelbton and Harper (37). The exchangeable cations were determined
by a modification of the method of Peech et al. (33), The exchangeable
cations were displaced with ammonium acetate and extracted by leaching,
The leachate wag digested with perchloric acid, brought to volume with
distilled water, filtered through a chloride saturated anion exchange
column, and the exchangeable catiors were determined on a Beckman I
Flame Spectrophotometer with Photomultiplier. The cation exchange
capacity was determined by the ammopnium saturation and distillation»
method of Peech et al, (33).

Clay Separation and Fractionation

A FO0 gram sample of each major horizon was selected for clay
geparation and placed in a 1000 ml beaker for removal of organic matter,
The orgamic matter was removed with Ho0o as outlined by Jackson,
¥hittig, and Pennington (19)., The sample was washed to remove the end
products of oxidation by centrifuging, decanting, and redispersing with
distilled water, This operation was repeated until the soil tended to

remain in suspension after centrifuging,
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The sample was then washed from the centrifuge tubes with a 1 N
NaEGOB solution and saturated with sodium for dispersion,

With this method of dispersion, no further treatment was needed
throughout the cycle of clay separation, It has also been shown that
this method removes small quantities of organic mabter not removed by
H,0o treatment (19).

The dispersed sample was transferred to an 18 liter carboy and
dilutéd to the 18 liter merk with distilled water. The sample was
thoroughly shaken and allowed to stand undisturbed for sedimentation.

At a predetermined time, as calculated by Stokes Law, a siphon
was lowered into the suspension to the calculated settling depth of
the less than 2 micron size particles, and the suspension eontaining
these particles was siphoned off (21), The carboy was refilled with
distilled water, and the separation was repeated until a sufficiently
large sample was obtained (about 40 liters),

The suspension containing the less than 2 micron size fraction
was c&llecﬁed in a B0 liter carboy, thoroughly mixed, and centrifuged
with a Sharples guper centrifuge to fractionate the sample inteo the
2 to 0.2 micron and less than 0,2 micron size fractions,

For this separatiog the sugpension was conducted directly from the
50 liter carboy into the centrifuge bowl through a siphon tube fitted
with a screw clamp to regulate flow, A constant head was maintained by
lowefing a glass tube, through the stopper containing the siphon tube,
inbo thé carboy until it rested about one inch from the bottom of the
carboy, and firmly securing the stopper. This procedure proved very

sabisfactory, as once the desired rate of flow was established it
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remained constant throughout the operation,

To effect the separation, and arbitrary centrifuge speed was chosen,
and the rate of flow necessary for the desired fractionation calculated
from a variation of Stokes Law (39)., The density of the less than 0,2
micron particles was assumed to be 2,20,

The material collected on the plastic sleeve of the centrifuge
bowl was redispersed and cycled through the centrifuge for more complete
geparation., This operation was repeated until the ligquid passing the
centrifuge was clear, With a low concentration of suspensoid, the
gseparation was usually complete after four or five runs through the
centrifuge,

The suspension containing the less than 0.2 micron gigze fraction
was transferred from the collecting carboys to five gallon crocks and
flosculated with,i N magnesium acgetate, The supernatent ligquid was
decanted and the flocculated material transferred to a 2000 ml Erlenmyer
flask for siorage.

The material collected on the centrifuge bowl sleeve after the
lagt centrifugation, the 2 to 0.2 misron fraection, was washed from
the sleeve inte a 2000 ml Erlemmyer flask with distilled water,
flocoulated with a 1 W magnesiun acebate solution, the supernatent
liquid decanted, and stored.

Breparation of Samples for Analysis

A gufficient quantity of each sample for analysis was selected
and saturated with magnesium ions as outlined by Kunze and Rich (3),

The precedure was modified to omit the aleoheol washings and continue

washing with distlilled water until the sample remesined in suspension
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af ter centrifugation}

Slurry samples for X-ray analysis were drawn off at the prescribed
time and stored in sealed polyethylene bottles, The remainder of the
sample, after the washing was completed was dried at 47°¢, crushed to
pass a 60 mesh seive, and stored in sealed plastic vials.

Methods of Analysis

The slurry samples for X~ray analysis, along with samples of the
dry Mg-~clay for D,T.A,, were sent to Dr, G, W, Runze, Agronomy Departiment,
Texas A&M College, Gollege Station, Texas, for analysis.

An approximately 0.2 gram sample of the Mg-clay was weighed on an
'anélytical balance and the ethylene glycol retention value determined by '
a variation of Martin's procedure (%), The results were reported as
mgw ethylene glycol/100gm sample,

Total nonneXBhangeablé potassium was determined by the HF acid
dissolution method of Jackson (16), and results are feported as per cent
K20° Final determinations were made on a Beckman DU Flame Spectro-
photemeter with Photomultiplier.

For cation exchange capacity determinations, an adaptation of the
Gedreiz NHuCl method outlined by Kelley (21) was used, A 500 mgm sample’
@f the Mg-clay was placed in a 12 x 100 mm Allihn filter tube with

fritted dise, which had been placed on a suction flask, and leached with

a 1 N NE,CL solution fo displace magnesium,

IModification suggested by Dr, @, W, Kunze, Agronomy Depariment,
Texas AZM College, College Staticn, Texas, in a personal eommunication,
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Ten milliliters of the leaching solution were added to the sample
in the filter tube, the sample was swirled periodically for 30 to 45
minutes, and then allowed to étand for two hours without suction, At
the end of the two hour period gentle suction was applied, and the
leachate was collected in a test tubs which had been placed inside the
suction flask, The sample wes further leached with 10 milliliter
portilons of the leaching solution until a totel volume of approximately
50 milliliters of leachate was obtained,

The leachate was transferred to a 50 ml volumetric flask, the
volume adjusted to B0 milliliters, and the magnesium content was
determined with a Beckman I Flame Spectrophotometer with Photo-

maltiplier, The results are reported as m,e, Mg/lOOgm sample,



RESULTS AND DISCUSSION
Particle Bize Analysis

The particle size distribution of the Zaneis No, 1 profile

(TABLE III)reveals a pronounced clay bulge in the B, horigzon with

2
a correspbnding accumulation of the fine silt fraction, but to a lesser
degree, An interesting feature of this profile is the marked increase
of coarse silt from the D to the A horizon, This is accompanied by

a decrease in the fine gand fraction, while the very fine sand remains
falrly constant. This, and the increase of fine silt in the upper

half of the profile, suggests either stratification of parent material
or the coerse particles present in the parent material are actually
aggregates composed of smaller particles and have weathered into their
component parts and undergone eluviation and illuviation as the solum
hag developed,

The particle size analysis of the Zaneis No. 2 profile (TABLE III)
indicates a normal soil that has developed in place from uniform parent
material, There has apparently been some movement of fine silt along
with the eluviation and illuviation of the clay fraction, The coarse
fractions decrease in the B horigzon, as would be expected, due to the
accumalation of clay and show a slight increase in the A horizon due to

the less of clay sized particles.

o4



TABLE III

PARTICLE SIZE DISTRIBUTION OF THE ZANEIS NO, 1
AND ZANEIS NO, 2 PROFILES*

Size Class end Diameter of Particles (in mm,)

Very
Fine Fine Coarse Fine
Depth Med, Sand Send Sand Silt Silt Clay
inches .22~,1 ,1-,05  ,05-,02 ,02-,002 <,002
Zaneig No, 1
0-9 0.6 12,1 26.0 71,8 11,9 17.6
9~1§ 0,6 11,5 22,5 26.5 13,2 25,7
1B=2 0.7 9.2 16.5 21,5 16.9 35.0
2U.. 76 0.3 15.6 23.5 19.7 10,6 30,3
36-U46 0.3 21,0 27.3 17.8 9.7 23.9
he + 0,5 1.3 23.9 2.6 7.1 8.6
Zaneis No, 2
0-11 0.3 19.9 28, 4 25.5 8.4 17.5
11-23 0.2 16.1 2.1 20,7 8.4 30.5
23-32 0.3 14,2 23.3 20,2 9.2 32.7
2-42 0.5 14,9 2 .E 22. 9.9 27.8
4248 0.8 15.6 23. 24,7 8.8 26,7
Ug- 78 0.7 17.6 23,3 24,1 9.2 25,1
58-T8 0,k 18,3 26,6 23,1 10,0 21.6

®Mechanical anralysis by S5.C.8, laboratory, Lincoln, Nebraska,
Samples S570k1at0-3-(1-6) and S570k1a60-4(1-7).



The mechanical analysis of Zaneis No, 3 (TABLE IV) reveals the
same type of distribution as was observed in Zaneis No, 1, but is
not asg pronounced as in Zanels Wo. 1, It appears that these two soils
have been affected by the same, or gqulte similer procegses,

The particle size distribution of the Zaneis No, U4 profile
(TABLE IV) does not conform to a stendard pattern, The particles
lerger than 0.1 mm increase from the Oy horizon up through the 33
horizon, The elay content of the §y horizon is less than that of

the © Both the fins and coarse silt fractions exhibit a continuous

o0
decrease from the A1 horizon to the 02 horizon, with a large drop
ogouring between the Bl and BE horizons, This drop in silt is
accompanied by a large increase in sand as well as clay, It is
difficult, if not impossible, to visualize any moil forming process
that could account for this type of distribution., Apparently,
there has been a definite stratification of parent material in this
profile, The disconformity among horizons expressed here is also
evident in the clay mineral composition to be discussed later,

The mechanical analysis of the Kingfisher No, 1 profile
(TABLE V) reveals an interesting situation. There is a noticeable
disconformity between the upper and lower halves of the profile, with
the break occuring between the ZBE_‘,2 and 33 horizons, There are more
coarse sized particles (>0.02 mm) and more clay in the upper half of
the profile, and more fine silt in the lower half, It would azppear
from thig data that there has been stratification of parent material,
and the upper portion of this profile did not necessarily weather

from the same material that the lower half did.



TABLE IV

" PARTICLE SIZE DISTRIBUTION OF THE ZANEIS X0, 3
AND ZANEIS NO, L4 PROFILES*

Size Class and Diameter of Particles (in mm,)

Coarse Very
and Fine Fine " Coarse Fine
Depth Med, Sand Sand Sand Silt Silt Clay
jnches Horizon  2-,25 Oyl  ,1-.05  ,05-,02 .ozn%?oe <°;?2
Zeneis No, 2%

0-11 Ay 2.4 20,6 20, 3 29,4 11,7 12,6
11-16 B 2.9 20,0 17.8 21,9 12.7 oL, 7
16-27 Bo_1 3,1 24,4 19,7 15.9 10.8 26,1
27-329 Bo_2 aoa 26, 8 20,0 13,3 8.5 28.2
7952 Bz o 1 29,1 19,5 12,1 R 28,5
F2-GlL 61 7.8 34,1 17.0 10.9 49 25. %
bh-81 o 25. 4 31,2 9.0 10.5 7.2 16,7

Zepeis No, 4

0-8 A 0.8 12,7 21,1 36,0 13,5 15.9

g1l Az 0.7 12,9 20,1 32.9 13,0 20, 4
1422 B 1.0 10,6 18,2 29.1 14,6 26.5
20-37% Bo_1 0.7 13,7 2k, 4 17.7 10.7 32,8
3342 Bo_o 0.5 16.5 30,9 17.4 7.6 27.1
4254 61 0.5 14,7 42, 3 15,6 5.6 21.3
Bl bl Co 0 6.5 B4, 5 114 3,0 oy, 6

*Mechanical analysis by S5.C.S, lahoratory, Lincoeln, Nebraska.
Samples S$570k1afB-2-{1-7) and S570klafB-3-(1-7).
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TABLE V

PARTICLE SIZE DISTRIBUTION OF THE KINGFISHER NO, 1
AND KINGFISHER NO, 2 PROFILES*

Size Class and Diameter of Particles (in mm )

Coarse Very
and Fine Pine Qoarss Fine
Depth Med, Sand Sand Sand Silt Silt Clay
inches Horizen  2-,25 025-,1 1.0 0R.,02 ,02-,002 <002
4
Kingfigher No, 1
0-10 & 1.1 1.4 11,3 50,9 15,6 19.7
1014 B 1,2 1.0 8,3 40,1 14,3 35.1
1h-21 Bo_j 1.2 1.1 8. U 75,3 13,7 40,3
21=32 Bo.o 0,8 0.7 5,6 387 20,8 32,4
72-42 By 0,2 0.2 1.8 79.0 30,6 28.2
42”2 & 0 0.1 1.9 .5 31.5 25.0
F2-6 Co 0 0.1 1,8 h2,5 32,8 22.8
65T C3 0.7 0.5 2.4 Uk, 3 32,9 19.3
Kingfisher Ne, 2
07 Ay_q 0.3 0.6 22,4 52,7 11,1 12,9
714 Ao 0.2 0.5 21,1 hg, 2 12,6 17.4
14-19 Az 0,3 0.8 19,6 kg, 7 11,2 19,4
19-28 Boq 0.3 0,5 18,0 42,6 10,8 27.8
2836 Bo.o 0,2 0.5 17.7 43, 2 10.5 27.9
36ulily By 0,2 0.6 18,4 47.6 10,8 23.4
.56 C1 0.1 0.7 19,2 52,0 11,3 16,7
5668 6o 0.9 0.7 19.9 4.5 13,3 19.7

*Mechanical analysis by S.0,8, laboratory, Lincoln, Nebraska,
Samples S570k1237-10-(1-8) and 8570kla37-11-(1-8),
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The particle size distribution of the Kingfisher No, 2 profile
(TABLE ¥ ) is very similer to that of Zameis No, 2, in that the same
overall pattern is exhibited by both soils, From this data it appears
that this profile also developed from uniform parent material,

The only noticeable difference between the Kingfisher and Zeneis
profiles, from inspection of TABLES III, IV, and V¥, is that the King-
fisher profiles are higher in silt while the Zaneis profiles are higher
in sand. The ¢lay contents of the twe series are quite comparable.
This would indicate that the Kingfisher profiles developed from a silty
parent material, whereas the Zaneis profiles were derived from more -

sandy parent material.
Chemical Analysis

The chemical analyses are presented in TABLES VI, VII, and VIII,
Te exchange complex of all six profiles is predominétely saturated
with a and Mg, The K and Na saturation is considerably lower. The
two Kingfisher profiles are higher in exchangeable bases, especially
Fa and Ga, and the exchangesble bases exceed the exchange capacity of
most horizons, This is especially true in the parent material of both
profiles, The 03 horizon of Kingfisher No, l.and the 62 horizon of
Kingfisher No., 2 were treated with dilute EGl and washed with distilled
water to remove soluble carbonates prior to analysis for exchangeable
cationg. This same phenomena has been obgerved by other investigators
in soils from similar environments and was attributed to sparinglyA
soluble carbonates (3).

The pH of the solum appears to be inherited directly from the



TABLE VI

CHEMICAL MEASUREMENTS OF THE ZANEIS NO., 1 AND NO. 2 PROFILES

pH with 1:1 4 Total Exchangeable Cations
soil-water Organic % phos, CEC m, e, /100 gms,
Horizon  Depth ratio Matter Nitrogen p.p,m, _m, e, /100gms, Ca_ Mg 3 Na
Zaneis No. 1 |
Ay 0-9"¥ 5.90 2,75 0.195  210.% 13,50 7.000 3,618 0,396 0,423
By 915" 5, 61 2,12 0.15% 164,0 18,76 9,150 5,222 0,358 0.423
Bo 15-2u# 5, 65 1.57 0.125 122, 4 21,52 12,300 6,990 0,460 0 k62
B3 2436w 6,00 0,45 0.076 73%.6 16, 30 8,650 5,962 0,396 0,577
) 36-46% 6,20 0. 30 0.075 57.6 12,07 6.525 4.565 0.294% 0,596
D W6 ¥ 640 0,00 0.059 - 25,6 6.93 4,850 3.372 0.205 0,596
Zaneis No, 2
Ay 0-11F 5. 91 2,50 0,165 168,0 11,49 4.8 3,207 0.460 0,308
By 11-23% 5,60 1,50 0,130 156.0 16.08 6.65 4,359 0,720 0,385
Bo 3 23320 5,70 1,22 0,113 137.6 15.91 6.65 5.058 0.358 0.577
B, 5 32l 5.79 0.71 0,086 85,0 14,02 6,05 5,674 0,320 0,577
B3.1 ho.uyge 5,90 0.42 0.079 61.6 1k, 30 6,10 5,674 0,320 0,577
B1 o 485" 6.20 0.17 0,067 45,6 13,51 6.42 6,743 0.320 0,577
¢ 58-78% 6,15 0,07 0,065 Li.6 11,40 5.35 5. 140 0,256 0,654

0%,



TABLE VII

CHEMICAL MEASUREMENTS OF THE ZANEIS NO. 3 AND ZANEIS NO. 4 PROFILES

pH with Lsl % Total Exchangeable Cations
soil-watber Organic % phos, CEC m. e, /100 gms,

Horizen Depth ratio Matter Nitrogen p.p.m.  m.e, /100 gms, Ca Mg X Na
Ay 0-11F 6,41 2.72 0.136'@%%’3 10,67 6.875 3.742 0,499 0,385
By - li-16¢ .10 1.67 0,102 128.0 15,05 8,550 5,222 0,358 0,423
Bpp 1627 621 0,97  0.077  131.2 16.97 9.175 6.250 0,396 0.577
B, , 27-39%"  6.ko 0.55 0,057 ?o.h 17.80 9.175 6.990 0.L422 0,462
33 39-52% 6.53 0.37 0,048 70,4 16.83 9.300 6,620 0,460 0,654
Cy Ko-bln 6, 88 0.22 0.040 76.8 15.57 7.275 5.592 0.396 0,654
Co 6481 " 7,00 0.07 0,039 83,2 10,50 4,025 3.372 0,473 0,423
Ay 0-8t 6,31 2.85 0,11;6@@%?%“& 10.77 7.325 3,454 0,665 o0,u23
A g-14 6,22 1.77 0.105 137.6 13,37 6.750 L4,354 0,396 0,769
By 1h-ppt 6,28 1.52 0.099 131.2 16,97 7.450 5,058 0,396 0,923
B,,  22-33% 6,28 0.97 0.077 80.0 21,48 10.500 6.456 0,524 0,654
Bo_o 3308 6,49 0,72 0,065 70.4 17.24 8,650 5.428 0,243 0,846
61 IERIL 6.55. 0,32 0,048 5l L 11,52 5.350 4,359 0.256 0,423
Co Rh-B4" 6,72 0.22 0,042 44, 8 12,65 7.200 5,058 0,320 0,8U46

T



TABLE VIII

CHEMICAL MEASUREMENTS OF THE KINGFISHER NO. 1 AND KINGFISHER NO. 2 PROFILES

pH with 1:1 % Potal - Bxchangeable Cations
goil-water  Organie % phos, CEC m, e. /100 gms.
Horizon Depth ratio Matter Nitrogen p.p.m. m.e. /100 gms Ca Mg K Na
A 0--10% 6.5 3.50 0.16%i£g£i§%§%§gg&“l 16,08 10,000 5,058 0,921 1,000
‘31 10-1h4t 6.4 1.85 0,102 240.0 20,50 9.900 7.812 0.665 0,423
B, k21" 6.4 1,60 0.086 176.0 25.86 11.5%0 9.910 0,742 0,462
B, o, 2l-32" 6.7 0.87 . 0,057 200.0 20. 74 9.700 9.416 0;52u 0. 615
B3 %2l 7.1 0.52 0,046 270.0 17.62 7.800 7.812 0.410 0,659
Gy Lo kot 7.7 0.32 0.036 306,0 15,50 1o;ooo 7.812 0,410 1,385
Co F2-b5" 7.8 0.25 0.034 348, 0 15.29 8,050 7.648 0,396 0,659
G5 £ T 8.3 0.12 0.027 336.0 13,03 13,000 5,140 0,396 0,615
Eingfisher No, 2
A 4 0=T" 6.} 2.05 o°18§=5==“57575£&“= 9,59 6.0%30 3,043 0,806 0,423
Ao 7-1% 7.0 1.50 0.077 176.0 11,18 7.700 4,030 0,742 0,462
Az 1419 7.2 1.27 0.067 162, 4 11,83 8,300 5,350 0,439 0,320
Bo_1 19-28" 7.3 0.97 0.063 156.0 16,63 10,900 6.250 0,460 0,731
Bo.o 28368 7.3 0.85% 0.048 156.0 17.27 10,900 6.990 0,524 0.615
B3 36-44 7.3 0,15 0,038 152.0 13,24 §.300 7.155 O.h22 1,154
Gy bho56" 7.8 0.37 0°029 136.0 g, uk 4.350 6,538 0.307 2,308
Ca Ro-68" 8.2 0,15 0.027 196.0 9,09 12,200 9,211 0,294 3,462

3
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parent material, The higher the pH of the parent material the higher
the pH observed in the solum, The Zaneis No. 1 and No., 2 are the most
acid and the two Kingfisher profiles the most basic, with Zaneis No. 3
agd ¥o. 4 intermediate,

All six profiles exhibit an accumilation of organic matter, nltrogen,
phosphorus, and to a lesser degree Ca, in the A horizon, Judging from
the exchangeable bases and changes in pH from horizon %o horizon, the
leaching process does not seem to have greatly affected these soils,
This would indicate that calcification was the predeminate process
of goil formation for all six profiles,

In comparing the two series it ie observed that the two Kingfisher
profiles are higher in phosphorus, especlally in the parent meterial,
and are more basic, Orgenic matter and nitrogen content of the two
series are comparable, The overall analysis reveals the two Kingfisher

profiles to be of higher inherent fertility than the U4 Zaneis profiles,
flay Mineralogy

The results of the X~ray analysis and D, T.4. are presented in
. TABLES IX and X, The interstratified (Is) interpretation of the X-ray
analysis is apparently hydrated micas that are poorly ordered and not
unifermly hydrated, This is reflected by the low angle scatter (<8©26)
of the X-ray spectrographs for the Mg saturated, glycol solvated samples
(Figures 1 %o 12) and the fact that when the sample was K saturated and
heated there was a reduction of scatter and a significant increase in
intensity of the 10 2,peak.

The montmorillonite-chlorite (M/G) interstratified interpretation



TABLE IX

IDENTIFYING CRITERIA FOR CLAY MINERALS OF THE ZANEIS NO. 1, NO, 2, AND NO, 3 PROFILES***

Coarse clay 2.0-0.2 microns

Pine clay <0.,2 microns

ng/g* mg/g*
OEC . % Glyeol X-ray CEC %  Glycol X-ray
Horigon me,/100g, X-0 Rebtent. Analysis D, T.A  me, /100z, K-0 Retent, Analysis D, T A,
Zaneis No, 1
Ay 25 2.5 80 Io;Kp,Q0,Ig? K,V 65 1.7 192 I5K5Iqn**  K,Ho
Bo 33 2.8 102 Mp, Ip,Ka2R3 K,M 78 1.3 235 Ko Ig K,Em
C o4 2.3 75 E2,15,7/C2,Q3 K,V 6% 1.6 210  I5,KpIgy X,Hm
D 29 2.3 88 Kp,I1p,7/C0,Q3 K,V 59 1.9 177  Ip,Ko,lsy K,Hm
Zaneig ¥o, 2
Ay 22 3,0 71 Ip.Kp,Q3 K,V 56 1.9 188 I,,K5Ig? X, Hn
B, 29 2.5 86  I2,K2,Q3 K,V 56 1.8 163  I5,Kp,Ig7 K,Hm
c 2l 2.7 13 15.Kp,7/Cp,Q3 K,V 58 2.0 182 1I5,Ko,Ig? K,V
Zaneis Mo, 3
Ay 30 2.7 82 I3,K5,Q3.V/C7 KV 61 1.9 187 IpKnlg K,Bm
Bo 39 2.7 108 I5,K5,Q3,V/C; K,V g2 1.6 214 Ip,Kp,Igy K,Hm
g 37 3.1 g8 _I-.K V/C, K.V 71 2.0 206 Io.Eo.I.» K,Hn

* Pure montmorillonite retains approximately 280 mg/g glycol
*% ] - Tllite, M -~ Montmorillonite, ¥ - Kaolinite, V -~ Vermiculite, ¢ ~ Chlorite, Q = Quartz,
Ig - Interstratified,

Subscript refers to relative amount: 1 - greater than %0%, 2 - 10 to

40%, 3 - less than 10%

**Y..ray analysis and D, T,4. by Dr,

G.W, Kunze, Agronomy Department, Texas A&M College.
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TABLE X

IDENTIFYING CRITERIA FOR CLAY MINERALS OF THE ZANEIS NO. 4 AND THE KINGFISHER NO, 1 AND NO.2 PROFILES***

Sorase clay 2,0-0,2 microns

Fine clay <0,2 mocrons

mg/e* mg/g*
CEC %  Glycol X-ray CEC 4  Glyeol  X-ray
Horizon me, /100g, K20 _Retent, Analysis D P A. _ me, /100g. Ko0 Retent., Analysis D.T. A,
Zaneis No., 4
Ay 21 2.7 58  Ip,K5,Qo:Is? K,V 70 2,2 209 I, K2, Igp** K,Hm
Bs 4g 3.0 111 M/C2,Ip,K3,Q3 MK 106 1.3 137  M/Cp,Ip.K3 M, K
¢ 32 3.1 78  I3,Kp:V/Cp,Q3 K,V 72 1.8 192 IpE5, gy K,Hm
Kingfisher No, 1
A 21 4.5 63 Ip,K5,Go,Ig? V.E 72 2.7 210  Ip,K3,Isg V.K
By , 29 4,1 77 I5.Ep.Q3,V/Cp V,K 8l 2.2 214 I5,K3,Ig3 V.E .
c 37 3.7 100 M/Gg,Ia,KZSQB M,C,K 68 2,0 166 M/Cp,Ip,K, M, C,K
Kingfi sher No, 2
A 21 4,5 64  I1,K2,Qo.lgp V.K 66 3.5 186  Iy,Ig7 I,Em
B, 70 4,1 g0 il,Ké@QB,v/c? K,V 77 3.1 199 Iy,EgTg 1,
C 31 Y, 2 92 1;,Kp. Q3. V/Cp V.KC 65 3.9 198

* Pure montmorillonite retains approximately 280 mgfg glycol,
** 7 .~ I1lite, M - Montmorillenite, K - Kaolinite, V - Vermiculite, C - Chlorite, Q - Quarts,
Subscript refers to relative amount: 1 - greater than 40%, 2 - 10 o

Ig - Interstratified,

4%, 3 - less than 10%.
*#4% Yoray analysis and D.T.A, by Ir. G.W. Kungze, Agronomy Department, Texas A&M College,

Il,KBQIS? Hm, K

ag



80

a0

a0

26

¥ 3 A&

Fig, L. Xazray_‘ spectrographs of Zaneils
No:. 1 coarse clay fractiong

36



\\ w

93

a0

s0

uo

a0

by 0 A
\
, w0 0
\ )
A
e
7 e,
40
a0 " w
w0 \ 20 /\A,WV\\
iy /
-
" WWW\.I//' "\.\(u " \w\‘D‘A
28 " ) N a4 L
7 & 8 0 e 9 L 18 B 20 28] 30

Fig., 2. ZX=ray spectrographs of Zaneis
Yo, 1 fine elay fractions,



10 0

124

.2k

a0

20

w4

80 80
&0 80
10 70

20

20 . . )
y: 3 3 [T 5 [ IR BCE [ M A AT S A

Fig, 3. X-ray spectrographs of Zanels Yo, 2 coarse
clay fracticns, :



oy i oo
0 .
i . . .
y 70 70
¥ .
60 . ) &0
50
- 1024 so 80
40 a0 40
ao a0

724

20
504
o thuriMNNM“
Hoahm,,
. o
i
70 70
"A,,' ] a0 i
50
1
40 40
\""\w -
Mfw/w\w B
W‘?M\/»MU' ‘ N
;\N 1#IA w " >. i
a0 eo
10 10
60 &80
&0
40
a0
”\\g/ #
i 20
//v \ N
\"‘».v-»\»v.u,«""}ml As, . g N, C
“‘"""""“M .. M./' il RENW
,?e 1 5 1 ) 1 1 -l Il i [ ! 1 i ]
£ b 8 10 i2 14 [I3) 18 20 22 24 26 . 2% 20

Fig, 4, ZX-ray speetrographs of Zaneis No, 2 fine
clay fractions,

39



20

L3 & 8 [[] [H K] 16 8 20 I3 2% 26

Fig. 5. X-ray spectrographs of Zaneis Mo, 3
elay fractions,



w0
0
T
024
T
¢ .

70
‘*’ :1<]
\(f\)'\.
50 "
40 » a6
724
: 1564
30 \\'\,.W/‘F\ as A %
| 50k
20 \ o z0
23
"W
e A‘\\W.WM/
A\
Vil i
A o0

v

' .

\l\ &0 sa

\

]

i 70 o

\

\\\ 60 o

] \\ .

A 50
.‘(\\,v
"

B
\\ LY

a0
)
\"“v 20 /J \
M\M V\MMW"‘“A/ " '\:)
W s
80 w0
e a0
70

60
N

40
i
\ ./"'q
LS ‘\A / \
'
l\". \‘ 20 \
) Y
\ A\ \
St \\% ~ ¢
M DN RN
oo 1 2 1 I3 i 1 X, - A,
8 [} i3 ¥ 16 L] 28 2% 27
clay fractions,

R S 1]
6. X-ray spectrographs of Zaneis No, 3 fine



3344

26

= i i I Y i - i 1 1

i { ——d 4
4 [ 8 10 e [ 16 (1] 20 P 27 26 28 _?_‘7

Fig, 7. ZX-ray spectrographs of Zaneis No, U coarse
clay fractioms, .

4o



43

4R

W |
‘80 ’ a0
10 10
80 . eo
126 L I y 3, I I | § § ( § { i
] -3 [} 107 12 14 16 18 20 22 24 26 28 30

Fig. 8, X-ray spectrographs of Zaneis No, 4 fine
-clay fractions, ' '



L

104

80 00

& ‘ : 60 3344

) 60

3574

\ B * ' )
\ : 3 | /'i

»
°
~—

s/',\ﬁ\vww\mm/
\ 142A a0 : oo
\//\Vv . a0 Do
70 10
w . \
i
/ / .
\\w&\/ |
129 1 l. Y . 1 b - i 4
] 6 [ 10 /2— iy 3 ./5 20 22 2t 26 28 '30

Fig. 9. ZX-ray spectrsgraphs of EKingfisher No. 2
coarse clay fractions,



45

f‘.‘\\ . :
\h ' o ) B0
1024

10

60

3354

26
4

o

- [/ S T S 'S |: AN RNt L Ry ST R

" Fig. 10, ZX-ray spectrographs of Kingfisher No, 2 fine
" elay fracticus, '



72

uo

\l‘a

ey J\N
N

oo

40

72k

20

oo sa
i il .

B

30

oo -

T

70

60

£0

10

L)

o . : 425K
- vaﬂ"\ﬁ‘/ ""‘M\MWM

476k

e

80

a0

10

© 334

‘ E . 354k
’ .'nm/‘wf'\/ \k’\ww Mo

Cso
uo
70
a0
60

40

A

AT

T0

60

40

10 W"‘
129 1 Y 1 —t
BRI B I B F T %
Fig, 11, Xpray speetrographs of Klngflsher No, 1

coarse clay fractions,

30; ’



b7

(\‘ bo 50

\ 02k

10 . 70

A 60
0 ¢
50 GO

T35A
40 4
° A\

R \ a0
721 04

A
20 20 £
/ ' "
Wf " \\ A,
10 “‘-“\ M
‘u(w
\' [119) uo
0 TH
\
\ GO 60
\
\ 5O
Yt
a0 40
30 SQ
/\
\
20 <0 ,u
. / .
b R N \
158A
70 70
B0 (11v)
80 50
40 20
ac
20 7}} 27
10
N - c,
s et — ,
20 , ) N \
% 3 7 7 &% "% Fd I ST - .

Pig, 12, X~ray spectrographs of Kingfisher No, 1
fine clay fractions,



for the clay fractions of the B horigzon of Zaneis No. 4 and € horizon
Kingfisher No, 1 wes based on a strong peak at approximastely 16 i for
the Mg saturated, glycol solvated samples (Figures 7, &, 9, and 10)
and the fact that this spacing of the K saturated samples, heated to
600°¢, daid not approach 10 1 as would be expected if the inter-
stratification had been either montmorillonite-vermiculite or
montmorillonite~illite, The D,T.A, of the € horizon of Kingfisher
No, 1 was alsc indicative of chlorite in that it gave a strong high
temperature endotherm at SMOOé for both size fractions (Figure 13%),

The vermiculite-~chlorite (V/C) interstratificetion, common in the
coarse clay fractions, was based on a 14,7 zupeak for the Mz saturated,
glyecol solvated samples and a reduction in intensity of this peak
when the sample was K saturated and heated, along with a 14 3 peak
remaining in the unheated K-sample, Much of this material appears to be
vermiculite or vermiculite-like hydrated micas, with lesser amounis
of chlorite,

The vermiculite interpretation of the D.T.A.,, common in the
coarse clays, can be montmorillonite as well, since both minerals
give the same double low temperature endotherm (Figure 14), The
vermiculite interpretation was made in conjunchion with the X-ray
results,

The hydrébed mica interpretation of the D, T.A., common in the fine
clays, was based on the low temperature endotherm which though not a
double endetherm, was much more inbtense than commonly associated with
illite (Figure 1k),

From the cation exchange capacities and ethylene glycol retention
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values, TABLES IX and X, it is apparent that a high exchange, expanding

lattice mineral must comprise & large percentage of the fine clay

fractions of all eix profiles, If one assumes the 10% K20 value

for illite (18), uses the approximate percent of kaolinite from

X-ray and D.T,A,, and lets a montmorillonitic type mineral constitute the

remainder of the samﬁleg then calculates the theoretical cation exchange

capacity and ethylene glycol retention value from this data, it

sompares quite favorably with the values obtained experimentally,

From these salculations it appears that the interstratified, or hydrated

mica, component of the fine clay fractions of these soils ig primarily

compesed of a montmorillomitic type clay mineral, and that this mineral

is the major constituent of the fine clay fractions where it ies observed,
The types and relative amounts ¢f clay minerals present in Zaneis

No, 1 are fairly uniform for the A, ¢, and D horizonsg as reflected

by the cation exchange sapacity, percent K20g X-ray analysis, and D.T,A,

(TABLE IX, Figures 1 and 2), This is especially true for the fine clays,

The only noticeable difference is the appeafance of the interstratified

complex (Is) in the coarse clay of the A horizon, The B horizon is

somewhat different, The characteristic 17.7 g,peak of montmorillonite

appears in the X-ray spectrograms of the coarse clay fraction (Figure 1)

and a 20 ?&jpeak5 possibly due to poorly ordered montmorillonite, appears

in the X~ray of the fine cglay fraction along with the absence of the

10 i.illite peak (Figure 2), There is also an increase in the cation

exchange capacity and @thyiene glycol retention of both fractions and

a decrease in K, 0 content of the fine clay fraction (TABLE IX), indicating

an increase in the montmorillonite content, Seemingly, the vermiculite-
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chlorite (V/C) componment of the coarse clay fraction has been converted
into an interstratified complex and finelly to a2 monbtmorillonitie type
of minmeral in the A and B horizons, and the montmorilleonite has been
eluviated and accumlated in the B horizon, The qusstion remains as

o Jjust how much ectual difference there is between these minerals,

Hos 4here actually been & conversion of the 21l layer eilicates or
mersly a lesaening of the bonding strength between labtices allowing
wider expansion, and consequently a mineral more like montmorillonite?
Unfortunately, this question cannot be anawered without a mere complete
analysis,

From the data presented in TABLE IX the clay minerals present in
the Zaneis No, 2 profile appear to be uniform throughout the profile
as %0 type and relative amounts, This uniformity is also expressed in
the ¥-ray spectrographs (Figures 3 and 4), Although the vermiculite.
chlorite present in the cearse e¢lay fraction of the ¢ horizon does
not show up in the ¥-ray analysis of the A and B horizons, the D,T.A.
reveals it is present, The cation exchange capé@ihieso percent K209
and glyecol retention valuss are unusually uniform for the fine clays,
If there has been any weathering of clay minerals in this profile i%
is not evident from this daia,

The Zaneis No. 3 profile alse exhibite a very uniform composition
of clay minerals (TABLE IX), Other than a selective type of eluviation
and illuviation favering az increase of highe~exchange, expanding lattice
mineral in the B horizen, as reflected by an increase in the catien
exchange capacity and glycol retention along Wiﬁh a decrease in pércent

K20, there is no apparent difference in the gomposition of the clay
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fractions of the A, B, and € horizons of this profile. This trend is
also reflected in the X-ray spectrographs (Figures 5 and 6). The
diffraction patterns are very similar except for an increase in
intensity of the low angle scabter (<&” 26) in the B horizon,
Again, any weabhering of clay minerals is not evident from this data,.
The Zaneis No, 4 profile exhibite some unusual clay properties,
Trom inspsction of the X~ray spectrographe (Figures 7 and 8) and the
data presented in TABLE X it is evident that the B horizon is quite
different, and appears %o be unrelated to the A and ¢ horizons which
are similar %to esach other, An abrupt change was alsc noted in the
field between these horizons, It hardly seems probable that weathering
is the answer., If it were, at least a detectable amount of the
mentmorillonitewchlorite interstratified mineral (M/@) should be present
in the A horizon alse., I% does not seem likely that all of this
material was trangported into the B horizon by the processes of eluviation
and illuviation., A bebier answer seems o be stratification of parent
material as reflected by the mechanical analyels discussed previously,
More will be sald about this in the discussion of Kingfigher Wo, 1.
Ancther interesting feature of the B horizon is the marked similarity
of the X-ray spectrogrephs (Figures 7 and 8) and ethylene glycol retention
valges of the fine and coarse clay fraction, but guite. a drastic change
in eation exchange capacity (TABLE X), The cation exchange capacity
of the fine clay fraction more than doubles with only a small increase
in ethylene glyccel retention. Thisg would tend to indicate the presence
of amorphous or poorly crystallized constituents as a major component

of the fine eclays., Alsc a large, unexplained exothermic peak appears
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in the differential thermal graphs of the fine clay that is not present
in the coarse clay (Pigure 15), Several pecularities were also noted
while preparing this sample, ALl of this points to the need for further
investigation before any definite conclusions can be reached,

The clay minsral properties of the Kingfisher No, 2 are presented
ip TABLE X, The clay minerals present in the B and C horizons appear
to be very uniferm as to both type and relative amount. The catien
exchapge eapacities, per cent K50, and ethylene glycol retention values
exhibit 1ittle varia%ion,‘ The X-ray spectrographs of these two horizons
(Figures 9 and 10) are quite similar, also indicabting uniformity of
minerals, The only noticeable difference is a slight incresse in
- intensity of the low angle scatter (<8@ 20) in the fine clay fraction
of the B horizon, indicabing more of the hydrated mica component, This
is also reflected by an increase in the catlion exchange capacity and a
de@réése in per cenb K50, tut it is not accompanied by an increase in
glycol retention as would be expecied.

Thé A horizon is glightly different in that it appears %o have
more illlte than the other two horizons., The X-ray spectrographs
(Figures 9 and 10) give exceptionally good 1llite peaks for all three
orders of reflection (10, 5, and 3. 34 i), This apperent increase of
illite is not reflected by the K2@ content of the fine clay fraction,
and there is only a sligh% increase in the K20 content of $he coarse
clay fraction, but there is a noticeable drop in the cabtion exchange
capacity and glycocl retention value of the coarse clays,

There does appeaf to have beern some weathering of clay minerals
in the A horizon, Apparently, the vermiculite-chlorite (V/C) present

in the csarse clays of the B and € horizon has been albtered to a
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hydrated mica type mineral of smaller size in the A horizon, then part
of this mineral incovporated int@}@he fine clay fraction has undergons
eluviation and accumulated in the B horizon, This would account for
the slight increase of the other minerals in the A horigon coarse clays
and apparent increase of the hydrated mica in the B hewrizon fine clays,
Veathering ie alse reflected in the loss of kaclindte from the & horizon
fine elay fraction, However, all of these changes are slight, indicating
that weathering has nob pfo@@ed@d to any great extent;

The clay minerelogleal properties of Kingfisher No. 1 (TABLE X)
appear to give evidence of intensive weathering, The data for the
opares clay fraction suggests the conversgion of the montmorillonite-
chisrite (M/¢) found in the € horizen %o a vermisulite-chlorite (V/G)
gomponent in the slightly weathered B horizom and %o the interstratified
(Tg) or hydrated mica component present in the mere highly weathered
& horigen, These changes are accompanled by a reducticn of cation
exchange capacity and ethylswe glysol retention and an increase in

per penb Kﬁﬁw AlL of this suggests weathering or conversion of the

21l laysr allizates in favor of the 11144 gomponent, It is &lso
interesting to siudy the X-ray diffraction patterns of the ccarse

®
clay fractions (Flgore 11). The large M/0 pesk (at 15,7 &) of the

€ horizen appears to be gont off, leaving osnly the base, in the B

o

horizon and is then completely cub off, leaving only low angie scatter,

in the A horizom, H@wevemg when these samples were K saturated and
Q
heated, the 15,7 & peak of the € horizen shifted only slightly fo
o ,

14,2 &, teb there was geatber and significant shift

© .
30 10 A in the A and B hovizozns, This tends o rule oub the possibilisy

ot by some other compoment in the A and B horizons,
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and eghablich that the minerals are astually different.

The trend present in the fine elay fraction is somewhat reversed
frum the coarse clay fraction. The M/C present in the ¢ horigon is
not detectable in the A snd B horizons (Figare 12), but the cation
exchengs cepacities and ethylene glycol retentlon values as well as
the 152 wonbent inerease im the fine alays ¢f the A and B horizons
{TABLE X), This would indicete weathering in faver of a clay mineral
with greater exchangs properties and higher glycol reteantion values
as well as an 11litle type mineral, with the former component being of
smaller particle size and the bulk of it falling inte the fine czlay
fraction, However, when all of this ig viewed in the light of other
daba, anotber possibiliy is revealed, An inspection of the data for
Kingfisher No, 2 (TABLE X) reveals the clay minerals present in the
anaree clay fractions of the A and B horizons of the two profiles
%o be the same, and only slightly different, in that there is more
11lite present in the No, @ profile, for the fine clay fractiong:
howsver, the € horizcne are quite differemt. By comparing the clay
propersies of the € horizon of Kingfisher No,l with the B horizon of
Zaneis Wo, % (TABLE X) a moticeable similarity is found, Apparently,
the same mineral, the Mf@,’is present in these %wo horizons, but is nob
present in any other horizon of any profile stadiéd. These faects
very strongly suggest the possibility of stratification of parent
material,

It will be remembered that the mechanical analysis of Zaneis No, 4
and Kingfisher No, 1, discusssd previously, alsoe suggested stratificatioﬁ.
All of %this leads to the question that perhaps there is some relation
between the clay minerals of the B horizon of the Zaneis Np. h‘ and

the C horizon of the Kingfisher Ne., 1, and alsc a relation
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betwsen the c¢lay minerals of the A and B hoerizons of Kingfisher
Vo, 1 and Kingfisher No, 2, |

More interesting facts are brought te light by observing the
exact location of these profiles in relation to their respective
geological formations. It will be remembered that the Zaneis No, 4
is hozsated on the Garber furmaticn and the Eingfisher No, 1 and ¥o, 2

on the Cedar Hills sandstone mewber of the Hennegssy formetion, The

o

B

4=s=

te location of Zaneis Nao., U4 is very close to the contacht of the
Garber and the Hennessey shales, the Kingfisher ¥o, 1 is losated

very ciose to the conbact of the Cedar Hills sandsbtone and the

Hermessey shales, and the Kingfisher No, 2 well over imto the

Cedar Hills sandstone., It would seem possible that the € horizon

of the Kimgfisher Ne, 1 is actually material from the Hennessey

shales and that ounly the A and B horizons are derived from Cedar Hills
sandstone material The mechanical analyeis also points to this
possibilit Inspection of TABLE V shows that the lower half of the

praofile has a marked increase in the fine silt fraction and very

1it4ls sand, indisating a finer ﬁ@xwurad parent material, The uppe

half of the prafile has only a moderate amount of fine sildy with more
gand, as does the Kingfisher No, £, indisating a coarser tei&ured’

parent material. I% would also seem piausab&e that there could be

g interstratificaiion of materials from both formations at the sits

of Zoneis No. Y, and that the B horizen of Zaneis Yo, ¥ is derived

principally from Hennegsey ghale material, net from the Garber sand-
stones as the remainder of the profile apparently is sinse it strongly

ressnmbles the other Zaneis profiles as to clay mineralogy. This
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would explain why the C horizon of Kingfisher Ne, 1 appears %o be
related to the B horizon of Zaneis No, 4, while the A and B horizons
appear to be related to Kingfisher NWo, 2,

In light of the data presented hers, stratification of parent material
geems to be a better answer for the differences observed in the clay
mineralogy of the Kingfisher No, 1 and Zaneis No, U4 profiles then does
weathering of c¢lay minerals,

Stratification as postulated here cannot be proven until date is
avallable for the ¢lay mineralogy of the Hennessey shales in the vielnity
of the Zaneis No, Y and Kingfisher No, 1. It does, however, seem

1 shows the Zaneis No, U to be

feasible, The Oklzhoma geology map
located on a marrow finger of the Garber sandstones, bounded cn beth
sldesby the Hennessey shales, This location should increase the poss-
ibility of random stratification., The map also reveals the Kingfisher
Yo, 1\to be jush over intc the Cedar Hills sandstones, which overl;y
the Hennessey shales, This loczation should give a goodrchance for
overlapping of the two formations as suggested by %he.data presented
in this report,

The geology of this whole area is rather uncertain, as a great
dsal of disconformity is obaserved in the Permian deposits of Oklshoma,
This is probably due to the facht that these deposits were derived
from streams rising %o the north, east, and south, depositing théir

loads of sediments into a southwestward retreating sea. (5). Oaks (z0)

1Geologic Mep of Qklahoma by H, D, Miser, U, 8, Geological Survey,
Prepared eooperatively by the U, 8, Geclogical Burvey and the Oklahoma
Geoclogical Survey (1954),
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has postulated the early existence of a large river, flowing from the
southeagt acrcoss southern Oklahoma, depositing a large delta repre~
sented by the upper portion of the Garber-Wellington formation of
central Oklahoma, Westward til% of strata and deep post Permian
erosion apﬁarently destroyed the rest of the delta (30). Two other
deltas, one comparable to the modern Nile delta, have been proposed
by Chenoweth (M) in this area, Under these conditions, it would seem
that etratificefion is not only possible, but probable, This leaves
the question ag to whether any changes in c¢lay minerals noted in bthese
goils are actually due $o weathering or stratification of parent material,
The uniformity of minerals present in the fine clay fraction of some
of the profiles investigated 1ln this repaort leads to the conclusion
thet there has beer some weathering of the coarse clay fractions,

but it ie difficult to ascertain %o what degree,

It appears that the present regime of soil forming factors has
had little effect in altering the clay minerals present in these goilsg,
Seemingly, the clay minerals present in the solum sre, for the mosgt
part, inherited directly from the clay minerals present in the parent
material, Apparently, these minerals were laid down in a sedimentary
parent material in & weathered state and are therefore resistant to
further weathering,

Tre exact percentage of each clay fraction was not determined,
However, from the separation of the fractions thelr relative amounts
were estimated, The fine clay fraction cemposes about 7O to 80 per
cent of most horizons and exhibits a tendency toward accumulation in
the B horizon, The D horizon of Zaneis No, 1 showed the highes$

per cent of coarse particles, The two fractions were about 50-50
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in this horizoxn,

From the data reported in TABLES IX and X the relative amounts
of clay present in the fine clays were estimated. The coarse clays
were too varied to give agny better estimate than that of the X.ray
analysis and D.T.A., except for illite, The 10 per cent K50 value
for purs illite (18) was used as an index for illite content,
Maltiplying the per cent K0 (TABLES IX and X) by 10 gives a good
egtimation of illite, The relative amount of kaclinite indicated
by the X=ray resalts and D,T,A. was used for kaloinite content,
The remainder of the sample wes assumed to be an expanding lattice,
high exchenge montmorillonitic mineral, The thesretical values
calculated from this data were then compared with the experimentally
measured cabicwn exchange cpapeity and ethylene glycol retention
valne and found to give good agreement,

The results of these calculatione indicate that the B horizon
fine claye of Zanels We, 1 and No, 3 are about 70-75 per cent a
monbmorillenitic mineral, while the remainder of beth profileg are
gbout 60-65 per cent this mineral. The fine clays of Zameis Ne, 2
are more uniform and appear to be about K5-060 per cent montmorilleonitic
throughout the profile, The Zaneis No, 4 A and O h@rizon fine clays
are about G0O-65 per cent montmorillomitic, From the available
data the clay content of the B horizon cannot be caleulated, The
fine clays of Kingfisher Neo, 2 are about 60-65 per cent mondmorillonitic
throughout the profile, The Kingficher No, 1 A and B horizon fine
elay fractions appear to be about 7O per cent montmorillonitie mineral,
and the montmorillonite-chlorite (M/C) interstratified mineral appears

to compese about the same percentage of the € horizon.
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In comparing the Zaneis and Kingfisher profiles it will be noted
that the slay minerals present are quite similar, The only difference
found in this investigation ig that the Kingfisher profiles contain
more illite and less kaolinite. The hydrated mica content, which
appears %0 be primarily a2 montmorillonitic mineral, is'about the

same and dominates the clay fractlon of both seriles,
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SUMMARY AND CONCLUSIONS

Two soil series of extensive area in the Reddich Prairie of
central Oklahoma were examined to determine the type and relative
amounts of clay minerals present in the major horizons,

Four profiles of the Zaneis series and two profiles of the
Kingfisher series were sampled by horizon and sut-horizon to the
depth of the slightly weathered parent material, A chemical and
mechanical analysis was then made for each horizon, Only the major
horizons were selected for clay analysis, The clay fraction of each
of the gelected horizons was separated by sedimentation, This fraction
wag further fractionated into the 2-to 0,2 miercon size fractions,

The material found in these two fractions was examined by
chemical and physical analysis, X~ray, and D.T.A, From the results
of these examinations, the clay minerals present in each of the two
size separates of the clay fraction were determined as to type and
relative amount,

The results of the chemical analysis indicated calcification to
be the predominate goil forming process of both series, and revealed
the Kingfisher profiles to be higher in phosphoras and exchangeable
bases,

The mechanical analysis revealed the Kingfisher profiles to be

- considerably higher in silt content; whereas, the Zeneis profiles
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are higher in sand,. It also revealed a strong possibility of gtratified
parent materials, expecially in the Zaneis No. 4 and Kingfisher Fo., 1.

The regults of the clay mineral study indiecate the fine clays
dominate the clay fractions of all six profiles, and a montmerillon-
itic mineral dominates the fine c¢lays, with lesser amounts of illite
and keolinite, The coarse clay fractlions ‘exhibit more dlversity with
montmorillionite, illite, kamolinite, and vermiculite all being present
28 major components, and quartz and chlorite present in lesser amounts.
I1lite dominates the goarse clay fractions of both Kingfisher profiles
and is a major constituent of the fine clays., The only notable
difference between the two series, ag to the clay mineralogy, is the
higher concehtration of illite in the Kingfisher series at the expense
of the kaolinite content, Content of the other minerals is comparable,
The clay mineral content throughout the profile is fairly constant
for most profiles, This is not true for the Zaneis No., Y and Kingfisher
No. 1, but stratification appears to play the dominant role in these
two profiles,

A montmerillonite-chlorite interstratified mineral appeared in
both clay fractions of the B horizon of Zameis No, 4 and € horizon of
Kingfisher Wo, 1, but was not found in any other horizon or any other
profiie. The occurrence of this mineral, geclogical loeation, and
mechanical analysis were uged to postulabte the stratification of parent
material from two different geological formations at the site locations
of these two profiles,

Very little evidence of clay mineral weathering wés found in these

g0ilg, It appears that the clay minerals present in these profiles
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are for the most part inkerited directly from the clay minerals present
in the parent material, and deposited as a sedimentary perent materiel
in a2 weathered state and are resistant to further weathering, Conse-
quently, the present regime of goil forming factors has had little
effect in altering these minerals,

The major morpholigical differerces between the two soll series
gtudied exist in the nature of the parent material, It appears that
the es0il materials of the two Kingfisher profiles were deposited under
more of a marine enviromnment, -vhereas the Zaneis soil materials were
more of a fresh water deposit, This is reflected in the more silty
bextufeg higher bage concentration, and higher illite and phogphorus
content of the Kingfisher soils,

More basic morphological data is needed to better claseify the

Reddigh Prairie soils.
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