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ABSTRACT 

This pe.per describes a worl{ing method for seps.re.tion, 

fre.ctione.tion and identification of colloid e.nd nee.r colloidal 

cle.y minere.ls in soils. Technice.l informl'tion pertains to 

super-centrifugation, electron-microscopy and X-ray diffrac

tion. On the basis of these technioues, t~renty-two samples 

have been investige.ted in conjunction Hi th e. soil study of 

pumping pavements. 

Soils were first clispersed e.nd sepe.rs.ted by gravity 

sedimentation. Fractione.tion ~re.s accomplished by controlled 

super-centrifugation. The sepe.rated fractions were purified 

e.nd then analyzed by X-ray diffre.ction. Computed size fre.c

tions were checked by sha.dow castings and linee.l dimensions on 

electron micrographs. 

Results include identification of the mineral or miner

als present and the properties of the ne.tura.l sample from vrhich 

the colloidal fractions were extre.cted. 

These methods furnish a basis for more extensive re

ses.rch relating the behavior of the cls.y minerels and their 

contributions to the nroperties of soils. 
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INTRODUCTION 

He.ny of the problems confronting the engineer in the 

field of Soil Meche.nics are essentie.lly problems in chemistry, 

geology, and minere.logy. This implies the need for further 

investigation of the constituents of soils tmd their contribu

tions to the properties of the materie-l e.s a whole. 

He.ny of the general trends o.nd relationships in soil 

science concentrs.te attention on the fine pe.rticles. Coe.rse

grained constituents are largely inert and provide inactive 

bulk to the soil. Surfpce phenomena are slight because of ~he 

limited amount of surfs.ce e:r.:jJosed. Logic indicates a progres-

si ve increase in the reactivity, narticula.rly in surfe.ce phe-

no mens., 1r'i th progressive decreese in ps.rticle size. For illus-

trstion, imagine n l em. cube ha.ving e. surfa.ce srea of 6 sq. 

ems. cut into cubes 0. 00 l micron on sn edge a.nd the pe.rticles 

will expose an are e. tots.ling l-l/2 acres, It is obvious that 

surfe.ce effects would be greatly e.ccentusted. 

The words 11 cls.y 11 and 11 cle.y mineral 11 may be used inter-

che.ngeably throughout this paper to specify kno\m or unknocm 

mineral suites, but not with the intent to specify size. In 

general, 11 Clll.y 11 isB term referring to s.ny or e.ll of the ne.tu-

rally occurring finely divided hydrs.ted e-luminum silicates. 

The "clay minerals" ll.re s. known series of mincrs.l suites, all 

falling in the monoclinic system. They may be separated into 

three mtJ.jor groups on the ba.sis of the nroperties 111hich they 

exhibit. 

In Table I, severa.l isolll-ted properties of the clll.y 

mineral groups are listed in orcter to emphasize some of their 
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TABLE I. MAJOR CLAY liiN:SRAL G::tOUPS ANTI SOHE OF T2LIR PROERTIES 

Properties of Clay Hinerals Pro-perties They Contribute to Soils 

i ~: Ease . Eeight Plasticity Plasticity I Relative I 
• Clay '1 Exchange l of . Index for , Index for l Static 1 Relative 

: Hineral ·\Ca-pacity i Unit Cell (l)l Pure Clay (2) : Soil (j) i Compaction I Pemeabilit 

i aohmte ,· · • 1 1 ompac s a i 
; K . . ., • 7 2 1 l c t I 
:Group '; 3 - 15 ! Angstrons j 29.6 I 6.2 I small ront. Very perneable ; 

1 
· I I rapidly 1 I 

I 
I 

. i 

l I 1 : 
I I ! 4 members · 
! I 1 

I Illite i ~~ 10.0 l No figures 1To figures I . I 
I Group 20 - 40 \ Angstroms i available available II Intermediate Intermediate I 

I 1 member , 1 , 1 

l~ontnorilloni te 1 

Group 60 
I 

3 members I 
I 

- 100 i 
i 

(1) F~walt Card File. 

12- 26 
Angstroms 

(2) After :Sndell, Loos, and Brsth. 

91.1 

428 

(Calcium 
Base) 

(Sodium 
Ease) 

34.7 

103.8 

(Calcium; Comuacts a 

Ease) 1 large amt. 
(Sodium j slm.rly 
Base) 

(3) Based on a (Q,uartz) 7 : 3 (Clay) mixture after Endell, Laos, and Breth. 

( 4) R. E. G-rim, 11 Cle.y lliinerals in Soils and Their Significance 11 • 

Impermeable 
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inherent characteri sties, e.nd their influence in corre spending 

soil mixtures. There are other miscellsneous cls.y minerals 

which are not listed here. 

Table I represents the most common and the most impor

tant groups of the cls.y minere.ls. The properties of these 

groups infer a trend in the reactivity. The.t is, Kaolinite 

should be the most stable s.nd the most inert, while Hontmoril

lonite should be very reactive a.nd least stable. Illite should 

exhibit properties intermedis.te betv1een Kaolinite and Nontmoril

lonite. 

For any clay mineral, there a.re definite si ze-behe.vior 

rels.tionships. Base-exche.nge, for inste.nce,. 1 s a. function of 

the surface e.rea exposed; and Johnson a.rtd De.vidson (4) describe 

e.n eque.tion for the rela.tion: 

x .. (2 x lo-5)s 

where X = excha.nge ca:J&.ci ty - m. e. per 100 g. (1) 

S = specific surfa.ce - sq. ems. per g. 

Theoretically this property is a. manifestation of unsa.tisfied 

bonds e.nd the number of these broken bonds is gree.tly multi

plied by each degree of subdivision. 

hontmorillonl te has 11 high afflni ty for water and "rill 

expa.nd its lattice in order to accommodate the water. In con

trast, Kaolinite has only a very slight affinity for water. 

Further, the plasticity of Kaolinite is gres.tly altered by the 

a.ddition of small amounts of j:Iontmorillonlte. 

Clay minerals occur in the minus 5 micron fre.ction of 

soils end dominate the minus l micron fraction. It has been 

postule.ted by some that different cle.y minerals in a soil will 
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exist 1'/ithin discrete size levels. The.t is, in e.n Illite

K8.olinite mixture, Keolinite is more e.bunde.nt in the 1 micron 

to 0.2 micron fre.ction and practically extinct in the minus 

0.1 micron frection, while Illite will exist throUghout the 

sme.ller fract:l.ohs. _ For this reason the minus 1 micron fre.c-

tions of the soils tested in this study were separe.ted into 

discrete sub-fractions. 

~~TERIALS TESTED 

The soils anelyzed for clay mineral content "1ere selec-

teo. from S8.mples obtained by the le.boratory for P study of the 

pumping e.ction of rigid pavements. These samples were te.ken 

from beneath the pavement and from locations with known per

formance. In conjunction .vith the pumping study (5), all 

routine engineering soil tests, s.s 1r1ell as the CBR test, 1•ere 

conducted. Thus, the physica.l properties end some indication 

of -the behavior of each soil 1"1ere kno~m prior to the e.n<dysis 

for clay mineral content. In Table II there is a. list of the 

physical properties of the t'tJenty-two samples thus far e.ne.lyzed 

for mineralogic characteristics. 

PROCEDURES 

Pre-Trea.tment - T-v1o to three hundred grams of soil pa.ssing the 

No. 40 sieve 1t1e.s taken as e. sample. It 1'JaS dispersed in a 

Li·-li ter beaker of distilled water by s.dding 5 co. of concentr:c\-

ted emmonium hydroxide to the soil and 1t18ter End mixing for 15 

minutes with an electric mixer. The ms.terial we.s left in the 

bee.ker e.ncl after 24 hours, the top 10 em. containing particles 

approximately l micron e.nd sme.ller ~rere siphoned off. The time 
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reauired for pe.rticles to fe.ll 10 em. through the ioJe.ter ,,ms 

computed and e. graph plotted, e.s shown in Fig. 1. The process 

of sedimente.tion WEts repeated until a five-gs.llon bottle was 

filled. The me.terial '\118.8 then frl'.ctione.ted by centrifugation. 

•o 
,_. 
,_, 

• c , .. 
0 

0 '' " " c . '' • 0 '-' 
0 
"- , .. 
0 ' ' 
• 1.0 
N 

"' _, 

' 

0 

Fig. 1. 

0 

Particle Size vs. Time Requtred 

to fall through I 0 centimeters 

of wuter of 25 ° CenfiQrode 

Computed from Stokes Law 

Time required to fa !I ten centimeters (in hours) 

Pe.rticle Size Versus Time Reauired 

to Fall 10 ems. through \iater 

Fre.ctionetion - Fre.ctione.tion of smell particles ~H3S be.sed on 

sedimente.tion principles described e.s Stoke 1 s Law; 

D "' 
n = 

dD = 
dm = 

X = 
t = 
g = 

~ =;'9/2 n dx/dt (2) 
2 ' (c1p - dm)g 

effective d.ie.Jneter of particle 

viscosity of medium (in poises) 

density of the perticle 
density of the medium 
Cl.iste.nce of fnll 
time to fe.ll x d.istance 
acceleration of gr:wi ty 

•riA! 
t..~ I 

(s.ssume 2.65) 
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Thus, if the rate of fall of spherical particles is 

measured;'~ 1md the viscosity of the liquid, the difference in 

'~It is believed the.t nl!tte-like ,,articles cut a sphere during 

sedimente.tiQ!1. John.son and Dc.videon (4) 

density between the particle and the liquid, and the conste.nt 

of the gnwi te.tione.l field are kno1rm, the particle size can be 

calculated. This statement is true for sedimentations in 

centrifuges es well e.s ordina-ry sedimentations. Accordingly, 

by edjueting conditions a process can be set up 1Vhich v1ill 

yield particles of any desired size. 

Le.rger particles may be isolated by sedimentation under 

the force of gre.vi ty, but e.s the ))article size decreases, the 

time fe.ctor becomes infinite Bs shown in Fig. l. ivlodern cen-

trifuge methoo.s make it possible to multiply the effective 

force several thousand times. By e.o.justing the force, optimum 

time intervals may be obtained for the desired particle size. 

Fortune.tely, clay minera.ls exhibit colloida.l properties 

to such an extent that they ca.n be dispersed e.nd suspended in 

water, but still rete.in their 11 matter in ma.ss 11 identities to 

such extent that they can be treated as discrete particles or 

crysta.ls, exhibiting kno'lvn surface phenomena, chara.cteristic 

of so many finely divided ma.terials and lyophobic colloids. 

It was first decided to se:;Je.rate four fractions from 

the sample. The conditions of centrifugs.tion were adjusted 

for recovery of particles 1 to 0.2 microns, 0.2 to 0.1 microns, 

0.1 to 0.05 microns, and below 0.05 micron iri diameter. Later

the lll.st two fre.ctions were combined to conta.in the minus 0.1 

micron sizes. A ShPrples Super Centrifuge was used for the 

separe.tion. 
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Schachmen (6), Hauser <'nd Lynn (?) and See.y (8) give IJ 

set of 1•Iorking eque.tions for the use of the Sharples Super 

Centrifuge: 

18 Q !l_N 6 r;.2 ln Rz - Rt (ln R2 + x?. 2 - R, ( 3) 
y -

D2W2P 
0 <.. 

- ff(R~ - Rf) L 2 Xo 2 Xo 4 

1r1here Y = vertical distance from bottom of centrifuge boNl to 
a point where the particle comes to rest on the bowl 
wall 

= re.dius of air column in opere.ting centrifuge bowl 
(ems. ) 

R2 = inside radius of centrifuge bowl (2.22 ems.) 

Xo = diste.nce from axis of rote.tion of b0\11 at which 
particle begins to settle (ems.) 

Q = rate of feeding sol. into centrifuge bowl (co/sec.) 

.,. 1.109 

N = viscosity of dispersion medium (poises) 

D = ilia.meter of cle.y }Jarticle (ems.) 

\\ = angular velocity of rota.tion (radians/sec.) 

P = difference in ctensi ty of dispersed e.nd dispersing 
1Jhases. 

The solution of equation (3) is difficult, requiring a 

fe.mily of curves, or solution by determinates. Simplifying the 

equation by substituting numerice.l values for constants ano. re

arranging, the equation becomes: 

? 
r - 112.7 n- p (4) 
ct. - N 

The terms inside the bre.ckets of eque.tion (3) are the 

centrifuge factor e.nd are ce.lled 0 for simplification. Actual--' 

ly 0 is e. constant, and the plot of 0 versus Y used by See.y and 

Schachmen was a.dopted since the dimensions of the bouls used 
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v1ere the ss.me. 

Conditions were s.djusted such thst the minimum size 

rets.ined was 0. 2 micron s.t Y = 20 ems., particles belm•J 0. 2 

micron remeined in suspension e.nd psssed through. (Le.rger 

frs.ctions are conte.minated to some extent by the sms.ller sizes.) 

After recovery of the fr8.ction e.nd sol, the sol 1>'7as run through 

e.gain und.er more restricted conditions such tha..t 0.1 micron 1r1e.s 

the minimum size rets.ined s.t Y = 20 ems. until fractions gres.t-

er ths.n 0.2 micron, 0,2 to ,01 micron, and 0.1 to .05 micron 

had been obts.ined. Particles sme.ller than 0. 0 5 micron 1r1ere 

finally obtained by precipitation. 

A plot of Q versus D is s.dve.ntageous for quick reference. 

See- Fig. 2 . 

. 18 

16 

~ ·1 
.E .t51 

I 

Calculated Particle Size vs Rate of Row of Sol 
far Sharples Super-Centrifuge 

Operating at 25000 R.P.M. 

100 200 300 400 500 600 700 80 

Rote of Flow in c.c. par minute 

Fig. 2. Calculated ?e.rticle Size Versus Rete of Flm·T of Sol 
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Control of conditions vJas com11leted by calibration of 

ra.te of flov.J through r.ppropris.te drags, nozzles, or orifices 

against various pressure heads, using suitable me:ms of ma.in-

t2.ining a constant head for each height. See Fig. 3 for cali-

bre.tion curves :md Fig. 4 for a diagram of apparatus. 

-0 

!20 
0 

"' 
100 

Calibration Chart 

Rate of flowvs Head 

15 10 t& eo ra ;,Oaa 4o ., ao n 10 ea 10 Ta eo 
Heocl in cm1. abowt noutt flit 

Fig. 3. Calibra.tion of Flo1>1 Rates 

Eighteen liters of soil vw.s collected, in which the 

maximum pe.rticle size was 1 micron. A 0. 003 in. cellulose 

a.cetate liner 1>1as inserted into the centrifuge bovJl to collect 

the fraction. The head ,,;e.s a.iljusted to give the desired size. 

The sDeed of the centrifuge vws maintained at 25000 R.P.ii. by 

41 

• 



-9 

use of a vol te.ge regulator. The liner ;-1e.s removed and a nev·J 

one inserted e.fter ee.ch fraction 1•Jas collected. The fraction 

111as dried on the acetate sheet e.fter v1hich the particles vJere 

easily chipped off. As indicated in Fig. 2 it is impractica.l 

to sepe.ra.te fractions belo-.r 0. 0 5- micron centrifugelly. This 

final fraction is precipitated by adding Ns.Cl to the sol from 

the last fraction. 

Flmv Regulation - Control of the flow of sol was by means of 

the flow regula.tor appa.re.tus sho1m in Fig. 4. The sol was 

forced out of the bottle by blowing into the system of rubber 

tubing and st1:1.rting the si]Jhoning a.ction. The sol flovJed into 

the constant flmv a.ppe.ratus e.nd filled the outer tube until it 

res.ched the bottom of the inner tube. As the sol continued out 

a partis.l vacuum 1r-12.s set up in the sir space of the bottle and 

the sol stopped flowing out of the bottle. The sol in the out-

er tube then flowed out to the centrifuge until the level drop-

ped below the bottom of the inner tube. At this time e.n air 

bubble entered the bottom of the inner tube and rose to the 

e.ir space in the bottle, thus relee.sing the vacuum and allo;.ring 

more sol to flow into the outer tube s.nd ra.ising the level agaj_n 

to the bottom of the inner tube. The cycle oms repeated again 

ana. age.in and created a constant head of sol at the bottom of 

the inner tube which varied about 1 mm. due to bubbling of a.ir. 

The height of this head was chs.nged by adjusting the inner tube 

so that it was level with the desired height measured on a 

sca.le me.rJ(ed on the vmll besicle the appare.tus. 

4q 
~~ 
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:_ __ SIJPER CENTRIFUGE 

' "-

' VOLTAGE 

REGULATOR 

I 

APPARATUS FOR CONTROLLED FRACTIONATION OF A CLAY SOL. 

1 

Fig. 4. Flow Regulator Apparatus 
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Po~~!Jl§.nt - Tree.trnent of the fr:?.ction e_fter sepe.re.tion 

involved leaching out the soluble material such as iron s.nd 

carbonates with HCl e.nd mild hes.t, follo'I'Jed by H202 'I'Ji th boil-

ing to remove orgAnic msterials, finally washing, centrifuging 

do•m with acetone s.nd drying. 

ElectrO!l._l!'licroscoDy - In order to check the size of sepo.re.ted 

fractions e.nd give complete confidence in the eccuracy of 

seprre.tion, it '!Vas clecided to observe the sizes by means of 

the electron microscope. 

Optical microscopy is limited by the wave-length of 
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visible light-- that is 1 even by ultra-violet light, 0.36 

micron or )600 X-- whereas particles 1,.tere sepsrated into 

fractions sinaller thsri 0.05 micron. Obviously these pe.rticles 

e.re beyond the limit of optic2.1 observations. The electron 

microscope utilizes the shorter wa.ve-lengths of an electron 

beam in addition to the adve.ntage of higher magnification. 

Fortunately, clay minerals demonstrate sufficient opa.city to 

the electron besl!l to provide good deta.il. 

Fig. 5. Electron Jvlioroscope 

Specimen mounts were prepe.red using one ps.rt U. S. P. 

Collodion (containing 24 percent alcohol) e.nd four pD.rt s amyl 

44 
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e.ceta.te, filtered e.nd n11o1red to age 24 hours. haunting films 

were prepered by dropping the collodion from e.n eye-dropper 

held one inch e.bove the surface of v1ater in e. conts.iner having 

a diameter of 12 inches or gree.ter. The film vJ8.a ellowed to 

stand until the diffraction patterns di seppe8.red. Prep8.red 

screens, e.pproximately 3· 5 rom. in diameter, of 275-300 wire 

mesh orere clropDed onto the film (burred edges upward eo 8.s not 

to puncture the film), then e. clean glass micro scope slide we.s 

cautiously placed onto the fleeting film, covering the screen. 

The film was split "I'Ji th a sc£1}pel en each long side of the 

sliCI.e extending radie.lly outv1aro. to the edge of the container. 

A pair of crucible tongs 1r1as inserted into the slits e.nd the 

slide was held to the surface of the water while excess film 

"\'JS.s lapped over and onto the top of the slide. Then the slide 

"\'las raised from the surfe.ce, inverted, e.nd the excess film 

removeo. from the bottom edge vii th the fingers. The slide W8.s 

placed on end 8-nd dried. Thus, the screen supported a micro

film and was held to the slide until the specimen ''18.s mounted 

and ree.dy for observation. 

The clay sample to be observed ,,e.s re-dispersed a.nd 

re-suspended in vw.ter (only e. few cubic centimeters are neces-

se.ry and must be of such concentration that only a very slight 

tra.ce of o:oacity is 8.p1JS.rent); end, v•Jith the e.id of a micro-

)Jipette, a sme.ll elroD of the sol W8.s placed onto the. screen 

a.ncl. allovrecl. to dry. Inspection of the sample thus prepared 

ce.n be made to 8. good advants.ge under sn optical microscope. 

In this manner it is possible to determine the distribution 

and concentr~tion of the particles in order to assure good 
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A. Grea.ter thEm 0. 2 micron 
B. 0.2 to 0.1 micron 

C. 0.1 to 0.05 micron 
D. Less the.n .05 micron 

Fig. 6. Electron Photomicrograph of Fractions 

from Soil No. 202. White Line in Ee.ch 

Instance Represents a Distance of 1 

Hicron in the Sample 

• 
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results and facilitate observe.tion. 

In this study films ~oJere prepared, ve.rying the film 
thiclmess from J drops to 10 drops. It 1r1as found that in 
some instances J, 4, and 5-drop films vrere strong enough to 

111i thste.nd the force of the electron beam, but 7, 8, 9, e.nd 
10-drop films gave better strength s.nd showed less boiling due 
to heat generated in the pe.rticle by the beam. These thicker 
films \<ere sufficiently tre.nspe.rent to give good contrast. 
Fractions over 0.2 micron, 0.2 to 0.1 micron, 0.1 to .05 micron, 
e.nd belciel 0. 05 mi oren ~o1ere •'lrepe.red a.nd observed. Electron 
microgre.phs were taken e.t 8. magnifica.tion of approximately 
7, JOO diameters. On this basis 0, 73 em. on the negative repre
sents 1 micron. This dimension is shm•m as a white line on 
photographs shovm in Figs. 6 e.nd 7. 

B 

Fig. 7. Electron Photomicrogrephs of Sh£1.dow-Ce.st Fraction 0.2 to 0.1 i·1icron -- Soil No. 202 
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In order to estime.te the vertical dimensions, the 0.2 to 

0.1 micron fraction •1e.s shadow-ce.st. In this process, a com

panion specimen II'Je.s used. The shadow was cast by plating chro

mium, vaporized from a hot filament situated so that the angle 

of incidence ce.used the particles to shadow areas such that the 

horizontal lengths of the shado111s v.Jere five times the vertical 

dimensions of the particles. This specimen 1~as observed again 

in the scope a.nd photo-microgr8.:)hs made. See Fig. 7, 

The photo-micrographs in Fig. 6 substantiate the valid-

ity of the procedure used in frs.ctionation of the particles 

on the be.sis cf sizes. It is to be noted that smaller sizes 

contaminate the larger frs.ctions, but that the la.rger sizes 

conform to the specifiect limit'~· The photogra.phs show con-

siderable aggregation of particles, but many isolated pe.rti-

cles appear as fli?l(es or thin sheets. 

Examination of the shadol!.r-gre.phs in Fig. 7 sho.v some 

isolated particles which cast shadol!JS only 0.2 micron horizon

tally. The corresponding vertical dimension approximates 400 

Angstrom units, and it is of interest to compare this >vith 10 

Angstrom units which is the height of the unit cell for Illite. 

X-ray Diffre.ction- One of the latest methods for analysing 

macroscopic to sub-microscopic substances is based on the 

Bragg (9) method of X-ray an:?,lysis. 

This method utilizes the short wave lengths of X-rays 

ancJ. the principles of diffrs.ction grs.tings. In X-ray crystallo

graphy the wave lengths approxime.te · the magnitude of the atoml r: 

interstices separating the planes of symmetry within the crys

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

48 



Fig. 8. · X-rs.y Spectrogrs.ph i·!i th Diffre.ction e.nd 

Ivli crors.diogre.phi c Cameras in Position 
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pl1me and the incidence e.ngle e.pproa.chea the critical point, 

some rays e.re scattered e.nd constructive interference results, 

o)rovided the fundaments.l equation is satisfied. These con

ditions are described in eque,tion (5). 

n A = 2 d Sin e (5) 

~ = \vave length of X-ray (Cu. = 1. 54 Angstrom units) 

n = whole number (small multiple) 

d = di sta.nce beti"JSen ple.nes of symmetry (in Angstrom units) 

e =angle of reflection vrhere constructive interference 

occurs 

The cle.y minerals lend themselves readily to the powder 

diffraction method. The e.dvnnte.ge of the powder method is in 

the fe.ct the.t e. fine p01r1der orients all planes to the bee.m and 

proc.uces 8. continuous e.rc registered on the film. The diste.nce 

is e. characteristic constent for any crystalline identity. The 

constants used are given in the Hanm,HJ.lt Index (1). 

The samples vrere first ground in e. mulli te mortar to 

pass a No. 325 pigment sieve. Samples the.t \~ere moist he.d to 

be a.ried to assure disaggregation. The powder 1>~as pressed into 

a wedge- shaped sl)ecimen holder, piling until a sharp line of 

the l)OWder 11'7as obtained. The specimen holder was then placed 

in a Debye-type cylindric8.l ce.mera, (see Fig. 8), film 1"18.8 

clamped e.round the inner periphery, the ce.mera sealed, e.nd the 

exposure ste.rted. T1oro hours of exposure was usually sufficient 

using 40 kilo-volts and 15 milli-e.mperes, copper radiation, and 

nickel foil filter. The film vras processed e.nd patterns such 

as those sho>m in Fig. 9 >·rere obte.ined. 

50 
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Illite 

Illite and Kaolinite 

Kaolinite 

Fig. 9. X-ray Diffraction Patterns 

RESuLTS 

The purpose of this study was primarily to test the 

;Jrocedures and pre_ctice.l applicl'.tions of cle.y mineralogy to 

soils resel',rch. As a ms.tter of course some indications of 

trends resulted. Because of the extremely limited number of 

samples analysed, fundament s.l limi tetions of the phy sice.l soil 

tests, s.nd the lack of control over extreneous influences such 

s.s exchs.nges.ble bs.ses, org2nic matter, soluble silica., the pH 

of the soils, and oxides; it is impossible to arrive at any 

definite correlation bet1~een the clay mineral content and the 

routine soil tests. Nevertheless, the trends that were 

develop ests.blish definite lines for future investigations s.nd 

survey -.10rk. 

The t"t;enty-t•Jo soils ~oJhich \1ere ana.lysed for clay 

mineral content are listed in Ts.ble III. The 11 Rele.tive ?ercent 



TA:BLI: II I 

RESULTS OF THE CLAY !HNERA.L ANALYSIS 

Relative Percent 

Fraction Percent of Quantitative Percent Colloids 

Soil in Clay Mineral Distribution of Ole.y (Total 

Nuinber Microns Occurrence (Relative) Jviinerals Samule) 

7,2 Illite 60 Kaolinite 40 20 Illite 62 

201 .2 - .l llli te 70 Kaolinite 30 2 Kaolinite 38 20 

.l - .05 Illite 80 Kaolini to 20 l 

"' .2 Illite 100 4 

202 .2 - .l Illite 100 2 Illite 100 28 

.l - .05 Illite 100 l 

:> .2 Illite 100 25 

203 .2 - .l Illite 100 5 Illite 100 5 

.l - . 05 Illite 100 l 

-;>. 2 Illite 100 6 

204 .2 - .l Illite 100 3 Illite 100 25 

.l - ,05 Illite 100 1 

> .2 Illite 100 6 

206 .2 - .l Illite 100 2 Illite 100 19 

.l - .05 Illite 100 l 

209 > .2 Illite 10 KD.olinite 90 4 Illite 13 

< .2 Illite 25 Kaolinite 75 l Kaolinite 87 13 

> .2 Illite 60 Kaolinite 40 6 Illite 60 

228 .2 - .l Illite 60 Ks,o lini te 40 3 Kaolinite 40 33 

.l - .05 Illite 60 Kaolinite 40 l 

.,.. .2 Illite 50 Kaolinite 50 20 Illite 53 

229 .2 - .l Illite 60 Kaolinite 40 4 Kaolinite 47 22 

«:: .1 Illite 90 Kaolinite 10 l 

> .2 Illite 60 Kaolinite 40 8 Illite 59 

232 .2 - .1 Illite --Kaolinite 4 Ke,olini te 41 12 

< .l Illite 50 Kaolinite 50 l 

> .2 Illite 100 8 

239 .2 - .l Illite 100 4 Illite 100 34 

<.1 Illite 100 l 

>.2 Illite 100 24 

256 .2 - .l Illite 100 l Illite 100 16 

<.1 Illite 100 l 

>.2 Illite 30 Kaolinite 20 15 Illite 80 

257 .2 - .l Illite 90 Kaolinite 10 3 Kaolinite 20 17 

.l - .05 Illite 60 Kaolinite ~0 l 

5<)1 
' '"" 



TABLE III - Continued 

R:;;SULTS OF THE CLAY 1-iil'lliR.AL AHAL YSI S 

Relative Percent 
Fraction Percent of Quantitative Percent Colloids 

Soil in Clay Mineral Distribution of Clay (Total 
HUlllber !Heron§ Occurrence · (Relative) Minerals Sample) 

... 2 ,Illite 75 Kaolinite ?5 16 Illite 78 
258 .2 - .1 Illite 90 Kaolinite 10 2 Kaolinite 22 19 

·C .1 Illite 90 Kaolinite 10 1 

,.. .2 Hlite 100 9 
260 .2 - .1 Illite 100 Illite 100 33 

<.. .. 1 - .as Illite 100 1 

:;. • 2 tlHte 10 Kaolinite 90 -~ Ill:i. te 10 
264 .2 - .1 Illite 50 Kaolinite 50 Kaolinite 90 26 

"'·1 Illite -- Kaolinite --

., .2 Illite 90 Kaolinite 10 9 Illite 90 

279 .2 - .1 Illite 90 Kaolinite 10 2 Kaolinite 10 18 
< .1 Illite --Kaolinite 1 

7.2 Illite 100 20 
281 .2 - .1 Illite 100 4 Illite 100 25 

<,1 Illite 100 1 

:o- .2 Illite 100 12 
293 .2 - .1 Illite 100 3 Illite 100 34 

'"".1 Illite 100 1 

7.2 Illite 33 Kaolinite 33 Illite 

325 l'lontmorilloni te 33 33 1/3 24 
<,2 Kaolinite 

33 1/3 
· Montmoril-

lonite 
33 1/3 

7 .2 Illite 40 Kaolinite 60 10 Illite 36 

340 .2 - .1 Illite 10 Kaolinite 90 3 Kaolinite 64 18 

<.1 Illite 75 Kaolinite 25 l 

7.2 Illite 60 Kaolinite 40 12 Illite 62 

341 .2 - .1 Illite 60 Kaolinite 40 2 Kaolinite 38 16 

<.1 Illite 90 Kaolinite 10 1 

7 .2 Illite 100 20 

351 .2 - .l Illite 100 4 Illite 100 25 

< . • 1 Illite 100 1 

53 
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of Cls.y Hinere.l Occurrence 11 is given for ee.ch fraction analysed. 

This figure is based on an estimate of the relative intensities 

of the lines on the X-ray diffraction ps.tterns. In the next 

column the 11 Relative Quantitative Distribution" appears. This 

ve.lue, be.sed on the volumes of recovered fractions, 1o1as derived 

by s.ssigning the lm1est size frs.ction a value of one and re

lating the other sizes to it in v1hole numbers. 

1;\/i th the intent of measuring the percentage of frequency 

of the clay minerals with rels.tion to the soil e.s s. "Jhole, a 

percents.ge value 1ore.s derived using the 11 Relati ve Percent of 

Clay lYiineral Occurrence" and the 11 Q,ue.nti ts.ti ve Distribution 

(Relative) 11 • This velue called "Percent of Cls.y Minerals 11 , is 

moderately accura.te and is e. basis proposed for future ane~ysis. 

In the final column of Table III, the 11 Percent Colloids 11 

is shown, be.sed on the total soil. This va.lue was derived from 

a sieve and a hydrometer e.nalysis of each soil sample. The 

fact the.t the hydrometer analysis is not 100 percent accurate, 

coupled vii th the fact tha.t unknmvn quanti ties of organic matter, 

oxides, e.nd other extraneous me.terials appee.r in the 11 colloid 11 

fra.ction, produces considerable ms.gni tude of error in this 

ve.lue, if it is to be used as a criteria for quantity of clay 

minerals. As the e.nalysis is of a limited ne.ture, it is felt 

that some fair incl.i cation of the quantity of clay minere.l ce.n 

be derived from 11 Percent of Clay Minerals" e.nd 11 Percent Col

loids of the Total Sample 11 • 

The premise that any admixture of clay minerals "Jill 

sho-~1 vs.rying percents.ges in different micro-fractions is sub

stantiated by the results obtained. In general, Knolinite 

54 
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does not reduce easily to sme~ler sizes. Illite reduces more 

readily to smaller sizes and is usually dominant in any Illite

Kaolinite mixture beloi'T the 0.2 micron fraction. Uontmoril

loni te i'rhen present might be expected to domina.te the lowest 

fractions. The single occurrence of this mineral is not enough 

to show this. 

Some good correl::Jtion is shown between geologic deriva

tion and clay mineral content in Table IV. However, it is no

where conclusive. In the case of the soils derived from the 

Silurian and Devonian formations, some cUfficul ty in correla

tion might be explained by the absence of any positive geologi

ce.l identification, due to the type of locality. These samples 

all ce.me from the same vicinity. This might be cleared up by 

analyzing soils from simile.r but more widely scattered e.reas. 

The fact the.t only one clay mineral occurs in a soil 

can very well indice.te a me.ture soil.. This has been demon

strated by the Ordovicie.n soils in Table IV, all of which con

te.in Illite exclusively. This does not imply that geologic age 

has anything to do vJith the maturity. It merely represents a 

soil in 1>rhich nature he.s established a balance. 

The fact that some soils show a "'ride variation of per

centages of clay mineral constituents might be attributed to 

several fs.ctors. Local relief might influence this, such as 

in the Pottsville Sandstone, a resistant le.yer which in some 

e.reas determines the relief. Depending on the relief, com

binations of weathering products of several formations might 

form the resultant soil. This has produced tremendous varia

tions in the se.mples classed as Pottsville. Further, general 

differences in clime.tic conditions e.re known to influence clay 
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T.A:BLE IV 

CLAY l'i!Nilll.AL ANALYSES GROUPED GEOLOGICALLY 

Soil 
Humber Geologic Formation Clay Mineral (Percent) 

206 
293 

239 
202 

281 
351 

204 

260 
264 

228 
325 

209 
232 

279 
201 
203 

229 
258 

Trenton 
Trenton 

Cynthiana 
:Sden 

Eden 
Maysville 

Haysville 

Silurian 
Silurian 

Devonian 
Devonian 

St. Louis 
St. Louis 

Pottsville 
Pottsville 

Loess 
Loess 

Alluvium 
Alluvium 
Alluvium 

Glacial 
Glacial 

Ordovician 

Il1i te 100 
Illite 100 

Illite 100 
Illite 100 

Illite 100 
Illite 100 

Illite 100 

Silurian 

Illite 100 
Illite 80 Kaolinite 20 

Devonian 

Illite 100 
Illite 10 Kaolinite 90 

Mississippian 

Illite 60 Kaolinite 40 
Illite 33 1/3 Kaolinite 33 1/3 

Hontmorillionite 33 1/3 

Pennsylvanian· 

Loess 

Illite 36 Kaolinite 64 
Illite 62 Ka.olini te 38 

Illite 13 Kaolinite 87 
Illite 59 Kaolinite 41 

Alluvium 

Glacial 

5(; 

Illite 90 Kaolinite 10 (Ohio River) 
Illite 62 Y.aolini te 38 (Ohio River) 
Illite 100 (Kentucky River) 

Illite 53 Kaolinite 4? 
Illite 78 Kaolinite 22 
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mineral forme.tion, so that under one set of influences 

Kaolinite might form and under a.nother set of influences· 

Hontmorilloni te might form from the identical pe.rent rock. 

Information of this phase is not complete enough to use, but 

it is thought worthy of mention. It is also reported that 

soil conditions of acidity or alkalinity will influence the 

clay mineral formed. 

In the interpretation of X-ray diffraction patterns, 

several pertinent things were learned. Below 0.05 microns, 

the cls.y mineral tends to become a minor fraction, dominated 

by the organic material and silloa gel. If this fraction is 

to be analysed, post-treatment with intent to destroy the 

organic matter is necessary. Samples not so treated merely 

produce broad bands across the film under X-radiation, obscur-

ing the clay mineral lines. 

Iron and aluminum oxides occur in every fraction of 

most soils. il'hen copper X-radiation is used the iron oxide 

fluoresces so as to obscure the first lines on a pattern, often 

hopelessly confusing the pattern. Treatment to remove the 

iron or the use of some other r,uwe length of re.diation becomes 

necessary. 

Frs.ctions above 1 micron in size almost invariably con-

tain que.rtz. From 1 to 5 microns, fractions e.re either mix-

tures of quartz end some cle.y mineral or are dominated by 

quartz. This limits the clay minerals to a dominate position 

in the 1 to 0.05 micron sizes for this group of soils. 
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CONCLUSIONS 

The limited number of sa.mple s practically excludes any 

specific conclusions. However, some general trends have been 

established from the foregoing results. 

(1) The preceding worlc indicates that although differ

ent fra.ctions show varying abundance of clay identities, fr1:W

tionation is not necessary for soil survey work since no min

erttl becomes extinct in any frcwtion. 

(2) There is some indication that clay mineral identi

ties characterize geologic aree .. s of limited regional extent. 

(J) Organic matter anc:. silica gel usually appes.r in the 

minus 0.05 micron sizes. Oxides of aluminum and iron appear 

in considerable abunde.nce in s.ll frs.ctions and seem to be 

closely associe.ted with the cle.y minerals and to influence 

their behs.vior. The influence of silica gel is a matter for 

further study. 

In view of the indiscriminate variations in the proper

ties of any clay identity, as indicated by the lack of cor

relation with routine soil tests, the influences of exchange

able bases and accessory materis.ls must provide the source of 

the variations. In the future, attempts will be ms.de to fur

ther define the influences of these accessory factors. 
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