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ABSTRACT

This paper describes a working method for separation,
frectionation and identification of colloid and near colloldal
clay minersls in solls. Technicel informetion pertains to
super-centrifugation, electron-microscony and X-rey diffrec-
tion., On the baels of these techniques, twenty-two samples
have been investigated in conjunction with a soll study of
pumping pavements. |

Soils were first dispersed_and gepereted by gravity
gedimentation. Fractionation wes accomplished by controlled
super-centrifugation. The seperated fractions were purlified
end then snelyzed by X-ray diffraction. Computed size frac-
tions were checked by shadow castings and lineal dimensgions on
gelectron micrographs.

Results include identificetlioen of the minerel or miner-
2ls present and the nroperties of the natural sample from which
the colloidal fractione were extracted. |

These methods furnish a basis for more extensive re-
gcarch relating the behavior of the clay minerels end their

centributions to the properties of solls.
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INTRODUCTION

Meny of the_problems confronting the engineer in the
field of Soil Mechanics are esgentizlly problems in chemistry,
geology, and minerslogy. This lmplies the need for further
jnvestigation of the constituents of soils and their contribu-
tions to the properties of the meterial as a whole.

Meny of thé general trends and‘relationships in soil
science concentrate attentlon on the fine perticles. Cogrse-
srained constituents are largely inert and provide inactive
bulk to the soil. Surface phenomens ere gelight because of the
1imited amount of surface exnosed. Loglc indicates a progres-
sive increasse in the reactlvity, narticularly in surfece phe-
nomensg, with progressive decreese in particle'size. For illus-
tretion, imagine a 1 cm. cube heving e gurface area of 6 sq.
cms. cut into cubes 0.001 micron on en edge end the particles
will expose an area totaling 1-1/2 acres, It 1s obvious that
aurfsce effects would be greatly sccentueted.

The words "elay" and ‘cley minerel" mey be used inter-
changeébly throughout this paper to gpecify known or unknown
mineral sultes, but not with the intent %o specify size. In
general, tolay" 1so term referring to any or 211l of the natu-
rally occurring fiﬁely divided hydrsted sluminum sillcates.
The "clay minerals" are a known series of minerel sultes, all
falling in the monoclinic system. They mey be seperated into
three major groups on the basls of the nroperties which they
exhibit.

In Table I, several iscleted nroperties of the clay

minersl groups are listed 1in order to emphasize some of thelr
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TABLE I.

Properties of Clay Minsrals

MAJOR CLAY MINZRAL GROUFPS AND SOME OF TEZIR FPROP-RTIES

Properties They Contribute to Soils

i " Base - Height ,  Plasticity . Plasticlty | Relative
! Clay | Bzchange i of ~ Index for . Index for Static Relative
| Mineral | Capacity | Unit Cell (1) Pure Glay (2) ! Seil (3) Compaction Permeability
| Kaclinite % z S 7.2 ! i Compacts a
! Group 23 -15 Angstroms 29.6 i 6.2 small anmt. Very perneable
" : . ! rapidly
L4 members ! ! % ! . '
, A | ! ;
- | |
Illite H 10.0 Wo figures | o figures
Group 20 - Lo Angesirems available  available Intermediate Intermediate
1 member H ! ' _
i | L
i t
| Montmorillonite|; 12 - 26 91.1 {Calcium | 34%.7 (Calcium, Compacts a
{Group .60 - 10C Angstroms 2asge ; Base} : large amt. Impermeable
1 ! 28 (Sodium 1103.8 (Sodium jslowly
13 members i % EBase | Base) i
if z i

1
!

(1) Hanawalt Card File.

{2) After =ndell, Loos, and Breoth.
(3) Based cn a {(Quartz) 7 : 3 (Clay

(LY =R. B, Grim, "Clay Hinerals in Soi

) mixture after Fndell, Loos, and Breth.
1g and Their Significance™.
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1ﬁherent characteristics, end their snfluence in corresponding
anil mixtures., There are other migcellaneous clay minerals
whiech are not listed here.

mable I represents the most common and the most lmpor--
tant groups of the clay minersls. The properties of these
groups infer a trend in the reactivity. Thet is, Kaolinlte
should be the most stable snd the most inert, while Montmoril-
lonite should be very reactive and least stable., Illite ghould
exhibit properties intermediate between Kaolinite and Montmoril-
lonite.

For any clay mineral, there are definite aize-behavior
relationships. Bese-exchange, fo¥r instence, 1s & function of
the surface area exposed; and Johnson end Davlidson (&) describe
an equation for the relation:

¥ = (2 x 1079)8

i

where X = exchange canfclty - m.e. per 100 g. {1)

H

S specific surfece - sdq. CHhE. per g.
Theoretically thie property is a menifestation of unsatisfled
bondeg and the number of thege broken bende is grestly mulil-
plied by each degree of subdivislon.

Montmorillonite hes = high sffinity for water and will
expend its lattice in order to sccommodate the water. In con-
trast, Keolinite has only a very slight affinity for water.
Further, the plasticity of ¥eolinite 1s grestly altered by the
eddition of emall amounts of Montmorillonite. |

Clsy minerale occur in the minus 5 micron frection of

soils asnd dominate the minus 1 micron fraction. It hasg been

postulated by some that different cley minerals in a soil will
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exist within discrete slze levels. Thet is, in an Illite-
Keolinlite mixture, Keolinite is more abundant in the 1 micron
to 0.2 micron fraction end preactically extinct in the minus
0.1 micron fraction, while I1lite will exist throughout the
smeller fractichsi. Fop this reagon the minus 1 micron frac-
tions of the soils tested in this study were seperated into

discrete sub-fractlons.

MATERIALS TESTED

The soils aneslyzed for clay mineral content were celeoc-
ted from semples obteined by the laboratory for e study of the
pumping ection of rigid pavements. These samples were teken
from benesth the pavement and from locations with known per-
formance. In conjunction with the pumping study (5), all
routine engineering soll tests, ss well es the CBR test, were
conducted. Thus, the physicel properties and sonme indication
ot .the behavior of each coll were known prior to thé enalysis
for clay mineral content. In Table II there is a list of the
physical properties oflthe twenty~two samples ;hus far esnslyzed

for mineralogic characterlistics.

PROCEDURES

Pre-Trestment - Two to three hundred grams of soil passing the
No. 40 sieve wes taken as g semple. It was dispersed in a
L.liter beaker of distilled water by adding 5 cc. of concentra-
ted emmonium hydroxide to the soil &nd weter ond mixing for 15
minutes with an electric mixer. The meterisl wes left in the
besker and after 24 hours, the top 10 cm. containing particles

approximately 1 micron end sgmeller were siphoned off. The time
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_ regquired for perticles 1o a1l 10 cm. through the water was
computed and e graph plotted, es shown in Fig. 1. The process
of sedimentatlon weas repedted until s five-gallon bottle was

£111led. The materisl was then frectionated by centrifugation.

20 Particle Size vs. Time Regquired
to fali through 10 centimeters

of water of 25° Centigrade

Computed from Stokes Law

size of Particies in Microns
n

o 10 20 30 440 L1 [:1°] TO BO 50 L[=]*3 111+
Time required to fafl fen centimeters(in hours}

Pig. 1. . Particle Size Versus Time Required
to Fall 10 cme. through Water

Fractionsation - Fractionation of gmell particles was based on

sedimentation principles described as Stoke's Law:

D =, 8/2mn dx/dt (2)
5 v (ap - amg
D = effective dismeter of particle
n = viscogity of medium (in poises)
dn = density of the perticle (assume 2.65)
am = density of the medium
x = distence of fell
+ = time to fell x dlstance
g = acceleration of gravity

4 ¥
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Thue, i1f the rate of fzll of spherical particles is

measured ;¥ and the viscosity of the liquid, the difference in

FT% 15 belleved thet plate-like narticles cut a ephere Auring

sedimentation. Johnson and Davidson (M) , :

density between the particle and the 1iquid, and the constent
of the gravifetional field are known, the particle size can be
caleculated. This statement is true for gedimentations 1in
centrifuges es well as ordinary sedimentations. Accordingly,
by edjusting condlilons a process cen be set up which will
vield particles of &ny deeired size.

Larger particles may be 1solated by sedimentation under
the force of gravity, but as the narticle size decreases, the
time fector becomes infinite as shown in Fig. 1. ©HModern cen-
trifuge methods make 1% possible to multiply the effective
force several thousand times. By sdjusting the force, optimun
time lntervals may Dbe obtained for the desgired particle slze.

Fortunstely, clay minerals eihibit colleldal properties
to such an extent that they cen be dispersed and suspended in
water, but still retein thelr "metter in mags identities to
‘such extent that they can be treated as discrete particles or
crystels, exhibiting known gurface nhenomena, characteristic
of so many finely divided meterislis and lyophobic colloids.

It wag FTiret declded to senarate four fractions from
the sample. The sonditions of centrifugetion were ad justed
for recovery of pariicles 1 to 0.2 microns, 0.2 to 0.1 microns,
0.1 to ©.05 microns, and below 0.05 micron in diameter. Later .
the last two freactions were combined to contain the minus 0.1
micron esizes. A Sherples Super Centrifuge was used for the

senaratlon.
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Schechman (6), Hauser end Lynn (7) and Sesy (8) give »

set of working equetions for the use of the Sherples Super

Centrifuge:
183K N 6 By in By - RZ (n Ry + X5 - RZ| (q)
(s - ®8) pPwe 2 X 2 % L

where ¥ = verticsl distance from bottom of centrifuge bowl to
s point where the particle comes to rest on the bowl
wall

Rl = ?adius of air column in operseting centrifuge bowl
cms. ) ' '

Ry, = inside radius of centrifuge bowl (2.22 cms.)

¥Xg = distence from axis of rotetion of bowl at which
nartlicle begins to settle (cms.)

Q@ = rate of feeding sol. into centrifuge bowl (cc/sec.)
RZ ~ R

K = 2 L = 1.109

17 g/ R v RE - RiRy - BT In R

L R

N = viscosity of dispersion medium (poises)

D = dismeter of cley marticle (cms.)

W = sangular velocity of rotation (radiens/sec.)
P = Jdifference in density of dispersed and-dispefsing

rhacges.

The solution of eguation {3) is difficult, requiring e
family of ecurves, oy solution by determinates. Simplifying the
equatlon by substituting numerical values fof constants and re-
arranging, the equatlion becomes:

2
0 o= 112.% D= P (4)

The terms inslde the brackets of equation (3) are the
centrifuge feetor and are celled C for simplification. Actuel--
1y € is & constant, and the plot of € versus Y used by Seay and

Schachman was adopted since the dimensions of the bowls used

39



were the same.

Conditions were odjusted such thet the minimum size
retained was 0.2 micron at ¥ = 20 cms., perticles below 0.2
mleron remeined in suspenslon and pessed through. (Larger
froctions are contaminated o some extent by the egmaller gizes.)
After recovery of the fraction end sol, the sol was run through
agein under more restricted conditlons such that 0.1 micron was
the minimum size retained at ¥ = 20 cmg. until freactions great-
er then 0.2 micron, 0.2 to ,01 micron, snd 0.1 to .05 micron
had been obtained. Pertilcles smeller than 0.05 micron were
finally obtained by pregipitation.

L plot of Q versus D 1s adventageous for guick reference.

See-Fig. 2.

Calculated Particle Size vs Rote of Flow of Sol
for Sharples Super-—Centrifuge
Operating at 25000 RPM,

Diameter of parlicle in microns

100 200 300 400 500 600 700 800 900 050
Rote of Flow in c.c. par minule

Fig. 2. (Calculated Perticle Size Versus Rete of Flow of Sol

40
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Control of conditlone was comnleted by calibration of
rate of flow through gppropriate drags, nozzles, or orifices
against varlous pressure heads, uslng sulteble means of mein- :
teining a constant head for each height. See Fig. 3 for cali-

bration curves end Fig. 4 for a diagram of appafatus.

Calibration Ghart
Rate of flowvs Heod

£f sol’incublc
s 2 8

3

Ruimc ot Jlow
o
=~

100

O 5 015 E0 EB 30 35 40 45 30 65 &0 @5 TO T8 80
Heod incms. abové norile &xit

Fig. 3. Celibration of Fiow Rates

Fighteen liters of soll wes collected, 1n which the
maximur perticle size wos 1 micron. £ 0.003 in. cellulose
soetate liner wes inserted into the centrifuge bowl to collect
+he fraction. The head wes adjusted to give the deslired slze.

The speed of the centrifuge was maintained at 25000 R.P.L. Dby

44
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uge of a voltage regulator. The liner wes removed and a new
one inserted efter each fraction was sollected. The fractlon
was dried on the acetaté sheet after which the particles wers
esgily chipned off. Ag indicated in Fig., 2 1t is impractical
to geperste fractions below 0.05 micron centrifugelly. This
finel fraction is precipiltated by adding NaCl to the sol from

the last fraction.

"low Regulation - Control of the flow of sol wes by meéns of

the flow regulator epparatus shovn in Fig. 4. The sol was
foreced out of the bottle by blowing into the system of rubber
tubing and sterting the siphoning action. The sol flowed 1into
the constant flow apnératus end filled the outer tube until it
reoched the bottom of the inner tube. As the sol coantinued out
a partisl vacuum was sebt up in the 2ir space of the bottle and
the gsol stopped flowing out of the bottle. The sol in the out-
er tube then flowed out to the centrifuge until the level drép—
ped below the bottom of the inner tube. At this time en alr
bubble entered the bottom of the inner tube and rose to the

air space in the bottle, thus releasing the vacuum and allowing
more sol to flow into the ouber tube end raising the level sagain
to the bottom of the inner tube. The cycle was repeated agaln
and again and created & constant head of sol at the bottom of
the inner tube-which veried sbout 1 mm. due to bubbling of alr.
The height of this head was chenged by adjusting the inner tube
a0 that it was level with the desired helghi measurcd on &

gonle marked on the wall beside the apparatus.
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FLOW

APPARATUS

L
Y

APPARATUS FOR CONTROLLED FRACTIONATION OF A CLAY SOL.

™
VOLTAGE

T TS CONSTANT
' REGULATOR ‘

Fig. 4. TFlow Regulator Apperatus

Poat Trestment - Treatment of the frectlon efter separetion

involved leaching out the goluble materiel such as lron and
cerbonetes with HGL and mild heat, followed by HpCp with boil-

ing to remove orgeanic materisls, finslly washing, centrifuglng

down with scetone end drying.

Electron Mlcrosconpy - In order.to check the slze of senerated

fractions and give complete confidence in the esccuracy of
geperation, 1t was jdecided to observe the slzes by meéns of

the electron microscope.

Cptical microscopy 1g limited by the wave-length of
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visible 1ight-- thet is; even by ultre~violet light, 0.36
nicron or 3600 8 -- whereas perticles were geparated into
rroctions smeller theil 0,05 micron. Obviously these perticles
are beyond the 1imit of opticael obgerveations. The electron
microscope utilizes the sherter wave-lengths of'an electroh
beam in addition to the adventage of higher megnification.
Fortunately, clay minerals demonsirate sufficient opecity to

the electron beem Lo provide geod detail.

Fig., 5. Electron Microscope

Specimen mounte were prepdred usling one port U.S5.F.

Collodion (eontalning 24 percent slcchol) and four perts amyl

44
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acetete, Tiltered snd allowed to age 24 hours. lounting fllms
were prepered by dropplng the collcdion from an eye-dropper
neld one inch sbove the surfece of water in & contalner having
a dismeter of 12 inches or greeter. The Tilm was ellowed to
gtond until the diffraction natterns digeppeared. Prepared
gcreeng, approximately 3.5 mm. in diameter, of 275-300 wire
mesh were dropned onto the film (burred edges upward so as not
to puncture the film), then a clean glass microsacope alide wesg
cautiously placed onto the floating film, covering the screen.
The film wes split with & scalpel on each long side of the
slide ewtending radislly outward to the edge of the contalner.
A pair of crucible tongs was inserted into the slits and the
slide woe held to the surface of the water while excess film
wag lapped over and onto the Top of the slide. Then the slide
wae reised from the surfece, inverted, and the excess film
‘pemoved from the bottom edge with the fingers. The slide wes
placed on end and dried. Thus, the screen supported & micro-
film &and wae held to the siide until the specimen was mounted
end ready for observatlion.

The clsy semple to be observed wee re-dlspersed and
re-suspended in water (only e few cublc centimeters are neces-
sery and must be of such concentration that only a very slight
trace of ovaclty is epnarent); end, with the aid of a micro-
vipette, a2 smell drop of the sol was pleced onto the screen
and sllowed %o dry. Inspection of the sample thus prepared
can be made to o good advantage under an optlcal microscope.
In this menner it ie possible to determine the distribution

and concentretion of the particles in order to assure geod
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results and facilitate observetion.

In this study films were prepéred, veryling the film
thickness from 3 drops to 10 drops. It was found thsat in
some instances 3, 4, and 5-drop films were strong enough to
withstend the force of the electron beam, but 7, 8, 9, and
10~drep films gave better strength end showed less boiliﬁg due
to heat generated in the particle by the beam. These thicker
filmg were sufficiently transperent to give good contrast.
Frections over 0.2 micron, 0.2 to 0.1 micrbn, 0.1 to .05 micron,
end below 0.05 miecron were prepared and observed., FElectron
nicrogreaphs were taken ot & magnification of approximately
7,300 diameters. On this bagis 0,73 em. on the negative revre-
fénts 1 micron. This dimension is shown 28 & white line on

pPhotogramphs shown in Figa. 6 and 7.

o

£
Fas

Fig. 7. Electron Photomicrogrephs of Shadow-Cagt
Fraetlon 0.2 to 0.1 micron -- 5011 Ho., 202

&7
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In order to estimate the vertical dimeneions, the 0.2 to
0.1 micron fraction weg shadow-cast. In this process, a com-
penion specimen was used. The shadow was cast Dy rlating chro-
mium, vaporized from a hot filament seituated so that the engle
of incidence caused the narticles to shadow areas such that the
horizontal lengths of the shadows were five tlmes the vertical
dimensions of the particles. This specimen was observed agaln
in the scope and. photo-microgranhs made. See Fig. 7.

The photo-micrograephs in Fig. 6 substantiate the valld-
1ty of the procedure used in fractionatlon of the particles
on the bssis of gizes. It is to be noted that smaller sizes
contaminate the larger fractions, but that the larger sizes
conform %o the gpecified limits. The photogrephs show con-
siderable aggregatioﬂ of particles, but meny isolated parti-
cles appear as [lekes or thin sheeta.

Exemination of the shadow-graphs in Flg. 7 show some-
igolated particles which cast shadows only 0.2 micrcn horlzon-
tally. The corresponding vertical dimensicn approximates 4o
Anggtrom units, and‘it ls of interest‘to compare this with 10
Angstrom unitse which is the height of the unit cell for Illité.

¥-ray Diffrsciion- One of the latest methods for analysing

macroscople to sub-microscopic substances is based on the
Bragg (9) method of X-ray anslysis.

This method utilizes the short wave lengths of X-rays
end the pnrineiples of diffrsction gratings. In X-ray crystalloe-
graphy the wave lengthe approximaste the magnitude of the atomlrc
interstices seperating the planes of symmetry within the crys-

tal. Since each of the plenes of symmetry is a reflecting

48
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Fig. 8.  X~ray Spectrograph with Diffrection end
Microradiographic Cameras in Pogition

48
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plene and the incidence sngle epproaches the critical nolnt,
some rays are scotbered end constructive interference results,
srovided the fundamental equation is satisfled. These con-
ditions are described in equation (5).
nA =2 4d 5in e (5)

% = wave length of X-ray (Cu. = 1.54 Angstrom units)

n = whole number (small multiple)

4 =distance between plenes of symmetry (in Angatrom units)

e =angle of reflection where constructive interference
occurs

The cley minersls lend themselves readily to the powder
diffraction method. The sdventege of the powder method is in
the fact thet a fine powder orients all plenes to the beam and
produces & continuous arc registered on the film. The distance
is 2 chaeracteristic constant for any ecrystalline identity. The
constents used are given 1n the Henawslt Index (1).

The samples were first ground in =2 mullite mortar to
pass a No. 325 plgment sieve. samples that were moist had %o
be Sried to essure disaggregation. The powder was pressed into
a wedge-shaped especimen holder, piling until a sharp line of
the wowder was obtained. The apecimen holder wes then pleced
in a Debye-type cylindricel cemera, (see Fig. 8), film was
clamped eround the inner periphery, the csmers sealed, and the
exposure sterted. Two hours of exposure wés usually sufficient
using 40 kilo-volts and 15 milll-amperes, copper radiation, and
nickel foil filter. The film was procesged snd patierns such

a8 those shown in Fig. 9 were obtained.
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I1lite

T1llite snd Xaclinlte

Kaolinite

Fig. 9. X-ray Diffraction Patterns
RESULTS

The purpose of this study was primerily to test the
procedures and nractical applications of cley mineralogy o
aolls research. &g & motter of course some indicatlons of
trends resulted. Because of the extremely limited number‘bf
gemples analysed, fundamental limitetions of the physicel soll
tests, and the lack of confrol over extraneous'influences such
2.8 exchangeable bages, orgenic mattér, sqluble gilica, the »pH
of the soils, and oxldes; 1%t 1s imposeible to arrive at any
definite correlation between the clay mineral content and the
routlne eoil tests. Nevertheless, the trends that were
develop establish definite lines for future investigeations and
survey vork.

The twenty-two soils which were anelysed for clay

minerel content are listed in Table ITI. The "Relatlve rercent



RESULTS OF THE CLAY MINERAL AWALYSIS

TABLE ITT

Relative _ Percent
Fraction Percent of Quantitative Percent Colloids
Soil in flay Mineral Distribution of Clay (Total
Nuftber Microns Ocourrence (Reiative) WMinerals Samyple)
>.2 Iilite 60 Kaolinise 4O 20 Illite 62
501 .2 - .1 Illite 70 Kaolinite 30 2 Kaolinite 38 20
1 - .05 Tilite 80 Kaolinite 20 1
> .2 I1lite 100 Ly
202 .2 - .1 Illite 100 2 Il1lite 100 28
.1 - .05 Illite 100 1
>.2 Tilite 100 25 .
203 .2 ~ .1 Illite 100 5 I1lite 100 5
.1 - .05 Illite 100 1
>,2 - Iilite 100 6
soly .2 - .1 Illite 100 3 I1lite 100 25
.1 - .05 Illite 100G 1
> .2 Illite 100 6 |
206 .2 - .1 Illite 100 2 Tllite 100 19
.1 - .05 Illite 100 1 '
200 >.2 I1lite 10 Knolinite 90 Iy I11ite 13
<.,Z2 T1lite 25 Kaolinite 75 1 Kaolinite 87 13
=.2 T1lite 60 Kaclinite HO 6 Illite 60
258 .2 - .1 Illite 60 Kaolinifte ) 3 Knolinite 4O 33
1 - .05 TIllite 60 Kaolinite ko 1
> .2 T113te 50 Kaolinite 50 20 Illite 33
229 .2 - .1 Illite 60 Kaolinite 40 L Kaolinite W7 22
<.] T11lite 90 Xaolinite 10 1
> .2 I1llite 50 Kamolinite %0 8 I1lite 59
232 .2 - .1 Illite — Faolinite =- b Kaolinite 41 12
< .1 I11lite 50 Eaolinite 50 1
>.2 I1lite 100 8
239 .2 - .1 Tllite 100 L Illite 100 34
<.l I1lite 10C 1
>.2 I1iite 100 2k
256 .2 - .1 Illite 100 1 I1lite 100 16
&1 I1lite 100 1
>.2 I11ite 30 Kaolinite 20 15 I1llite 80
257 .2 - .1 Illite 90 Ksolinite 10 3 Kaolinite 20 17
1 - .05 Illite 60 Kaolinite Lo 1

5ia



TARLE IIT -~ Continued

RESULTS OF THE CLAY WINERAL AWALYSIS

‘Relative

Percent
Praction Percent of Quantitative  Perdent Colloids
Soil in Clay Mineral Distribution of Clay (Total
Humber Microns Qccurrence (Relative) . Minerals Sample)
: .2 Illite 75 Kaolinite 25 16 I1lite 78
258 .2 - .1 Illite 90 Kmolinite 10 2 Kaolinite 22 19
<1 Tilite 90 Kaolinite 10 1
>.2 I1lite 10D 9
260 .2 - .1 Illite 100 - I1lite 100 33
<,1 - ,05 Illite 100 1 '
>.2 f1iite 10 Kaolinite 50 — I1ite 10
264 .2 — .1 Illite 50 Kaolinite 50 —-— Kaclinite 90 26
<, 1 I1lite —~— Kaolinite -—- ——
>.2 . I1lite 90 Kaolinite 10 9 I1lite 90
279 .2 - ,1 Illite 90 Eaoclinite 10 2 Kaolinite 10 18
~ .1 I1lite —— Keolinite —- 1 :
> .2 Tllite 100 20
281 .2 - .1 Illite 100 L I1lite 100 25
<.l I1lite 100 1
-2 T1iite 100 12
293 .2 - .1 Illite 100 3 Tllite 100 3k
<.l I1lite 100 1
> .2 Tilite 33 Eaolinite 33 - I1llite
325 - Montmorillonite 33 33 1/3 24
<2 —_— ¥aolinite
33 1/3
-Montmoril-
lonite
33 1/3
> .2 Illite 40 Kaolinite 60 10 Illite 36
340 .2 - .1 TIllite 10 Kaolinite 90 3 Kaolinite &4 13
<.l I1lite 75 Kaolinite_25 1 :
> .2 I1lite 60 Xzolinite 40 12 I1lite 62
341 .2 - .1 Illite &0 Kaolinite 40 2 Kaolinite 38 16
<,1 Illite 90 Kaolinite 10 1
= .2 Illite 100 20
351 .2 - .1  Illite 100 L Illite 100 25
< 1 I1lite 100 1
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of Clay Minersl Occurrence' is given for each fraction analysed.
This figure 1s based on an estimate of the relative intenaltles
of the lines on the X-ray diffraction patterns. In the next
column the "Relative Quantitative Distribution" appears. This
value, besed on the volumes of recovered fractions, wag derived
by essigning the lowest slze fractlon a value of one and re-
lating the other eizes to 1% in whole numbers.

With the intent of measuring the percentage of freqﬁency
of the clay minersls with reletion %o the soil ss & whole, &
percentage value was derlived using the "Reletive Percent of
Clay Minerel Occurrence" end the "Quantitative Distribution
(Relative)". This velue called YPercent of Clsy Minerals', is
moderately accurate and is e basis proposed for future ansalysis.

In the final column of Teble III, the "Percent Colloids™
1g shown, based on the totsl soil. This value was derived from
a sieve and a hydrometer anslysis of each soll sample. The |
fact that the hydrometer analysis isg not 100 percent accurate,
coupled with the fact thet unknown quentities of organic matter,
oxides, and other extraneous meterisals appear in the "colloid®
fragtion, produces considerable magnitude of error in this
velue, if it is to be used as = criteria for quantlty of clay
minerals. As the snalysis is of a limited nature, it 1s felt
that some fair indication of the quantity of c¢lay minerel cen
be derived from "Pevcent of Clay Minerals'! and "Percent Col-
loids of the Total Sampleh.

The premise that any admixture of clay mlnerals will
show verying percentages in different micro-frections is sub-

atantiated by the results obtalned. In genersal, Kesolinite
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does not reduce easily to smeller gizea. Illite reduceg more

readlily to smaller sizes and is usually dominant in any Tllite-
Kaolinite mixture below the 0.2 mlcron fraction. Hontmoril-
lonite when present might be expected to deminate the lowest
fractions. The single cccurrence of thls mineral 1is not enough
to show thls.

come good correlation is shown between geologlc deriva-
tion and clay minersl content in Table IV. However, 1% is no-
where conclusive. In the case of the solls derived from the
Silurian and Devonlan formations, gome difficulty in correlae~-
tion might be explained by the absence of any positive geologi-
cal identification, due to the type of Jlocality. These samples
21l came from the game vidinity. This might be cleared up by
analyzing soils from similar but more widely scattered areas.

The fact that only one clay mineral occurs in a soil
can very well indicate a mature soil. This has been demon-
strated by the Ordovicien solls in mable IV, all of which con-
tein Illiterexclusively. This does not imply that geologlc age
hag snything to do with the meturity. It merely represents a
goll in which nature has established a balance.

The fact thaet some golls show & wide variastion of per-
centages of clayrmineral constituents might be attributed to
geveral fectors. Local relief might lnfluence this, such as
in the Pottsville Sandstone, a resglstant layer which in some
orens determines the relief, Depending on the relief, com~
binations of weathering products of several formetions might
form the resultent soil. This has produced tremendous varia-
tions in the semples classed as Potteville. Further, geﬁeral

differences in climetic conditions are known to infiuence clayv
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TABLZ IV

CLAY MINZRAL ANATYSES GROUFED GEOLOGICALLY

Soll
_Humber Geologic Formation _Slay Mineral {Percent)
Ordovician
206 Trenton - Illite 100
293 Trenton - Illite 100
239 Cynthiana - Illite 100
202 Eden - I1llite 100
281 Eden - Illite 100
351 Haysville - Il1lite 100
204 Maysville - I1lite 100
Silurian
256‘ Silurian - Illite 100
257 Silurian - I1lite 80 Kasolinite 20
~ Devonian
260 Devonian - Illite 100
264 Devonian - Illite 10 XKaolinite 90
Mississippian
228 St. Louis - I1lite 60 Zaolinite 40
325 St. Louis - I1lite 33 1/3 Kaolinite 33 1/3
Montmorillionite 33 1/3
Pennsylvanian -
340 Pottsville - Illite 36 ZXoolinite 64
341 Pottsville - Illite 62 Zsolinite 38
Loess
209 Loess - Il1lite 13 Xaolinite 87
232 Loess - Illite 59 Xaolinite 41
Alluvium
279 Alluviun - Illite 90 Kaolinite 10 (Ohio River)
201 Alluvium - Il1lite 62 ZXaolinite 38 {Ohio River,
203 Alluvium - Illite 100 (Kentucky River)
Glacial
229 Glacial - Illite 53 Xaolinite 47
258 Glacial - I1lite 78 ZXaolinite 22
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mineral Tormation, so that under one set of influences
Kaolinite might form ond under enother set of influences’
Montmorillonite might form from the identlcal perent rock.
Information of this phase is not complete enough to use, but
1t is thought worthy of mentlon. It is also reported that
soil conditions of acildity or alkalinity will influence_the
clay mineral formed;

In the interpretation of X-ray diffraction patterns,
seversl pertinent things were learned. Below 0.05 microns,
the clay mineral tends to become a minor fraction, dominated
by the organic materisl and silica gel. If this fractlion 1is
to be ﬁnalysed, post-treatment with intent to destroy the
orgenlc matter is necesgery. Somples not so treated merely
produce broad bands across the film under X-rediation, obscur-
ing the clay mineral lines.

Iron sand sluminum oxldes occur in every fraction of
most solls. When copper X-rediation is used the iron oxlde
fluoresces so as to obgcure the first lines on a pattern, often
hopelessly confusing the paltern. Treatment. to remove the
iron or the use of some other wave length of radiation becomes
necessary.

Froctione sbove 1 micron in size almost invarlably con-
tain quertz. From 1 to 5 microns, fractions are elther mix-
tures of quartz and some clay mineral or are dominated by
quartz. This limits the clay minersls to a dominate positicn

in the 1 to 0.05 micron gizes for this group of solls.

o
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CONCLUSIONS

The 1imited number of samples practicelly excludes any
apecific conclusions. However, some general trends have been
established from the foregeoing results.

(1) The preceding work indicates that although differ-
ent fractions show varying abundance of clay identitlies, frec-
tionation is not necessary for soll survey work since no min-
ersl becomes extinct in any fractlon.

(2) There ls some indication that clay mineral identi-
ties characterize geologlic arecas of limited reglonal extent.

(3) Orgenic matter and sillca gel usually appear in the
minue 0.05 micron sizes. Oxides of eluminum anhd iron appear
in considerable abundance in sll fractions and seem to be
cloaely associated with the clay minersls and to Influence
their behsvior, The influence of silica gel is a matter for
further study.

In view of the indiscriminate varistions in the proper-
ties of any clay identity, es indicated by the lack of cor-
relation with routine soil tests, the influences of exchange-
able bases and accessory materisls must provide the scurce of
the veriations. In the future, aﬁtempts will be made to fur-

ther define the influences of these =sccessory factors.
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