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ABSTRACT 

Formulas ca1culated from analyses, written in the {ractional notation used by Ross 
ami Hendricks, ami with a notation of tetrahedral ami octahedral charge, reveal 
relationships betwcen thc hydrous micas called "illite," 1110ntmorillonites (using the 
term in the restrictecl sense), and beidellites not otherwise apparent. These relation
ships are shown graphically by means of histograms made up of five columns, repre
sellling respecti vely, total charge, tetrahedral charge, octahedral charge, potässium, 
ami water. 

"lliites" have a much higher total charge ami a much higher tetrahedral charge 
than montl11orillonites, of which the tetrahedral charge is usually insignificant. Conse
quenti)' simple removal of fixecl K ami its replacel11ent by exchangeable cations would 
not convert an "illitc" to a montmorilIonite nor would mere fixation of K between 
the layers of a 1110ntmorillonite resuIt in the formation of an "iIIite" like any that 
have been describecl. 

From the standpoint oi octahedral-tetrahedral charge relationships, beiclellites and 
"illites" should bc more sil11ilar than 1110ntmorillonites and "illites." However, con
siderahle doubt has heen cast by Grim amI Rowland on the purit)' of most of the 
materials that have bcen called beidellites; they interpreted the differential thermal 
curves of the beidellites exal11ined by them as indicating mixtures of kaolinite or halloy
site, "illitc," ami l11ontmorillonite. Formulas based on ca1culated mixtures of these 
minerals in varying proportions were ver)' similar to formulas ca1culated from analyses 
of the so-callecl beidellites. TIlIls the existence of a 1110ntmorillonite day like that which 
would be formed if the fixecl K in "illite" were removed and replaced by exchangeahle 
cations has not been authenticated and the concept that montmorillonite and "ilIite" 
are analogous except for the presence or absence of nonexchangeable potassium. is 
misleading and is an oversimplification of the relationship between the two groups 
of minerals. 

INTRODUCTION 

This paper is concerned with the layer composition and charge relation
ships between two members of the montmorillonite group - montmoril
lonite and beidellitc - and the day materials that have been called 
"illites." Structurally thc montmorillonitcs and the "illites" are similar, 
both having 2-1 laycr structure, and differentiation between them is based 
largely on the identity of the interlayer cation. If potassium is the pre
dominant interlayer cation and the lattice is consequently unexpanded, the 
material is classified as an "illite" ; if sodium, calcium, or magnesium is 

1 Publieation authorized by the Direetor, U. S. Geologieal Survey. 
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the predominant interlayer cation, and the lattice is expanded, the day 
is characterized as a montmorilJonite. This relationship between the two 
groups has led to the concept that a montmorillonite should be the result 
if potassium is removed from "illite" and rcplaced by sodium, calcium, or 
magnesium and that "illite" should be the result if potassium is fixed 
between thc layers of a montmorillonite. Thus \Vhite (1950) has postu
lated, "If sufficient of the potassium ions could bc removed from the 
ilIite without marked dccomposition of the mineral, it should be struc
tu rally equivalent to a member of the montmorillonite series (beidellite) ," 
and N agelschmidt and Hicks (1943) state, "The replacement of all ex
changeable bases by potash in minerals of the montmorillonite group 
should lead to the formation of illite." That "illite" might be formed from 
montmorillonite in marine sediments by adsorption of potassium from 
sea water has been suggested by Dietz (1942). However, a comparativc 
study of the structural formulas of montmorillonites, beidellites, and 
"illites" shows that this concept is an oversimplification of the relations 
between the two groups of minerals. 

STRUCTURAL FORMULAS 

Structural formulas calculated from analytical data may, of course, be in 
errar for such fine-grained' minerals as these because of the possible 
presence of admixed, intergrown, or adsorbed impurities. However, if 
certain criteria are used in judging the calculations of the formula, they 
afford a convenient means of comparing the composition of the tetrahedral 
and octahedral layers and the charge relationships of minerals like these 
that have the same structure. 

Kelley (1945) has shown that silica as- an impurity is not necessarily 
reftected by an excess of calculated Si ions in the tetrahedral group; it 
may be reftected by a deficiency of octahedral ions. In montmorillonites 
that have littIe Of no Al in tetrahedral coordination, even a very small 
amount of free silica may be reftected in an excess of Si ions, but in 
montmorillonites, beidellites, or "illites" that have considerable tetrahedral 
aluminum, Si present as an impurity is reftected by a calculated deficiency 
of octahedral cations. In Table 1 are shown calculations of the formula for 
a bentonitic montmorillonite from Santa Rita, N ew Mexico. In the com
putation shown on the left, in which the analytical values as reported are 
used, the presence of excess silica is reftected both in an excess of tetrahe
dral ions and in a deficiency of octahcdral ions, and the Sum of the layer 
charges is greatly in excess of the sum of the intcrlayer cations. 

This day shows no visible crystalline impurities under the microscope, 
but x-ray diffraction shows that it contains cristobalite. Analytical de
termination (Foster, 1953) showed the sampIe to contain 4.5 percent of 
excess or free silica. In the second computation (Table 1) allowance has 
been made for this amount of free silica, and a sll1all amount of aluminum 
had to be allocated to the tetrahedral group giving it acharge of 0.04 for 
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the unit cell. The number of ions in the octahedral group is very elose to 
4.00 for the unit cell, or to 2.00 for the half cell; and the sum of the layer 
charges, the sum of the external cations, and the dctermined cation 
exchange all check very c1osely. 

Kelley also showed that the effects of silica as an impurity might be 
largely cancelled by thc presence of any of several other impurities, 
whether admixed or intergrown since the effect of free alumina, iron 
oxide, or alkaline earth carbonates, or of intcrlayered chlorite, tale, brucite, 
or certain other minerals on the calculation is the reverse of the effect 
produced by silica as an impurity, tending to produce an excess of octa
hedral ions. The fact that the total of the calculated octahcdral ions is elose 
to 2.00 is no guarantee that the sampIe is pure. However, the likclihood 
that the effect of one impurity would be cancelled by another is very 
remote. 1t is also improbable in such an eventuality that the sum of the 
calculated layer charges would be in agreement with the sum of the inter
layer cations. 

Calculation of all the magnesium content as being in the structure may 
also result in an excessive number of octahedral ions, the magnitude of 
the excess depending on the amount of exchangeable magnesium present. 
1t mayaIso lead to a discrepancy between the sum of the layer charges 
and the sum of the interlayer cations. In the calculations of the formula 
of the Santa Rita sampie, the determined amount of exchangeable mag
nesium was included among the interlayer cations, and only nonexchange
able magnesium was considered as being in the octahedral group. It is 
apparent that, if exchangeable magnesium had been included with non
exchangeable magnesium, as is usually done when the amount of exchange
able magnesium is not known, the number of ions in the octahedral layer 
would have been considerably in excess of 4.00 (about 4.12) and that 
would have been a deficiency of interlaycr cations as comparcd with the 
sum of thc layer charges and the exchange capacity. 

In the present study the re\iability of structural formulas calculated 
from analyses was, therefore, judged by these two criteria: (1) the number 
of octahedral ions per half cell must be 2.00 (-+- 0.02), and (2) the sum 
of the layer charges and the sum of the interlayer cations must be in elose 
agreement (-0.04). I f the calculated formula' failed to satisfy either one 
of these conditions, it was considered suspect and discarded. However, if 
the number of octahedral positions was only slightly more than 2.00, and 
if there was a deficiency of interlayer cations such that an allocation of 
some of the magnesium to interlayer positions resulted in a formula that 
did satisfy the conditions, it was considered justifiable to make such an 
allocation in view o~ the very common tendency of days having exchange
able properties to contain exchangeable magnesium. 

For comparative purposes use was made of the fractional notations 
introduced by 1\.OS5 and Hendricks (1945) to represent substitutions of 
Fe and Mg for Al and of Al for Si in the general formula 
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AI2 Si 4 0 1o (OHh. Thus, the proportion of ions in different positions is 
directly shown in the formula, and the formulas of different 2-1 layer 
minerals as well as different sampies of the same mineral are directly 
comparable. As a further aid in comparison the charge on each layer is 
notcd above thc notation of the layer composition. 

CHARACTERISTICS OF "ILLITES" AND MONTMORIL
LONITES AS REVEALED BY STRUCTURAL FORMULAS 

"Illites" 

All the formulas for "illites" (Table 2) were calculated from analyses 
published by Grim, Bray, and Bradley (1937). These analyses were of 
carefully purified material from slightly weathered tills, days, and shales 
from IIlinois that had been subjected to x-ray and microscopic study and 
to differential thermal analysis. 

T ABLE 2. - STRUCTURAL FORMuLAs OF ILLITEs 

Sum of 
external 

Locality Formula cations 

-.23 -.62 
Ford Co., III. (AI Fe Mg ) (Si AI ) 0 (OH) x .85 .85 

1.19 .58 .24 3.38 .62 10 2 
2.01 .53 K 

-.32 -.60 
Calhoun Co., III. (AI Fe Mg ) (Si AI ) 0 (OH) x .92 .92 

1.40 .35 .26 3.40 .60 10 2 
2.01 .60 K 

-.24 -.49 
Alexander Co., III. (AI Fe Mg ) (Si AI ) 0 (OH) x .73 .73 

1.55 .20 .25 3.50 .50 111 2 
2.00 .56 K 

-.25 -.58 
Vermilion Co., III. (AI Fe Mg ) (Si AI ) 0 (OH) x .83 .83 

1.53 .32 .14 3.42 .58 10 2 
1.99 .51 K 

-.22 -.46 
Goose Lake, III. (AI Fe Mg ) (Si AI ) 0 (OH) x .68 .69 

1.52 .30 .19 3.64 .46 10 2 
2.01---" .50 K 

These formulas show a fairly wide range in the amount of ferric iron 
in the octahedral group - the range being from 0.20 to 0.58 positions 
with a reciprocal range in octahedral aluminum such that the total number 
of tri valent ions in the octahedral group is fairly constant, ranging only 
from 1.66 to 1.76 positions. From this it follows that the number of 
divalent ions present in, and consequently the charge on, the octahedral 
group is also fairly constant, the charge ranging from 0.22 to 0.32. 

The tetrahedral layers show considerable similarity in the amount of 
aluminum substituted for silicon - the range being from 0.46 to 0.62 
positions, which also reprcsents the tetrahedral charge. Thus, the tetra
hedral charge is much greater than the octahedral charge; in most 
instances it is about twice as great. 
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As represented by these analyses, therefore, the "illites" are charac
terized by a fairly high total charge, from 0.70 to 0.95, of which approxi
mately two-thirds is on the tctrahedral layers. 

lJf ontmorillonitcs 

The formulas of montmorillonites (Table 3) - using the term in the 
restricted sense - were calculated from analyses of bentonites and peg
matitic c1ays that had been separated as completely as possible from 
associated minerals. Included in the analyses were data on exchangeable 
cations, total exchange capacity, soluble salts, and free silica or alumina. 

T ABLE 3. - STRUCTURAL FORMuLAs OF MONTMORILLONITES 

Locality Formula 

-.17 -.13 
Belle Fourche, S. D. (AI Fe Mg ) (Si AI ) 0 (OR) x .30 

1.61 .18 .23 3.87 .13 10 2 
2.02 

-.29 -.07 
Nieder-Bayern, Gennany (AI Fe Mg ) (Si Al ) 0 (OR) x .36 

1.46 .21 .35 3.93 .07 10 2 
2.02 

-.38 -.06 
Irish Creek, Va. (AI Fe Mg ) (Si AI ) 0 (OR) x .44 

1.47 .14 .40 3.94 .06 10 2 
2.01 

-.37 -.02 
Fort Steel, Wyo. (AI Fe Mg ) (Si AI ) 0 (OR) x .39 

1.49 .10 .43 3.98 .02 10 2 
2.02 

-.45 -.03 
(AI Fe Mg ) (Si AI ) 0 (OR) x .48 

1.37 .15 .50 3.97 .03 10 2 
Amargosa Valley, Calif. 

~--2.02 

The most striking diffcrence between these formulas of montmorillonites 
and those of "illites" is the very low degree of substitution of aluminum 
for silicon in the tetrahedral group of the montmorillonites and the much 
lower charge on the montmorillonite structure. 

The total charge on the montmorillonites ranges from about 0.30 to 0.50, 
as compared with acharge ranging from 0.70 to 0.95 on the "illites." 
Thus, the highest charge found on the ri-tontmorillonites is considerably 
lower than the lowest charge found on the "illites." In the montmoril
lonites, there is little substitution of aluminum for silicon in the tetrahedral 
layers. The seat of the charge is, therefore, generally predominantly 
octahedral, as opposed to the predominantly tetrahedral charge of the 
"illites." 

The octahedral layers of the montmorillonites tcnd to show a lower 
ferric iron and a higher magnesium content than those of the "illites," 
with the result that, although the total charge on the montmorillonites IS 

much lower than that of the "illites," the octahedral charge is greater. 
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These rclationships between the "illitcs" an<! the montmorillonites are 
brought out graphically in histograms of structural formulas (Fig. 1). 
In these histograms the first column represents the total charge, the 
secemd reprcscnts the tetrahedral charge, and the third represents the 
octahedral charge. The fourth column represents fixeel anel exchangeable 
cations and thc fi fth represents water. The water is the only value repre
scnted in terms of percent. All other values are in terms of units of 
charge per half ceIl. . 

PI '''' Unlh 
urn ., ll ll le, 

ctla,Ot 
10 1O 

~ 

15 

10 

loIonlmorUlonlln 

FIGURE 1. - Histograms of "illites" and montmorillonites. 

These histograms bring out c1early the significant difference between 
the total amount of charge Oll the "illites" and that Oll the montmorillonites, 
and the equally significant difference in the location of thc seat of the 
charge. J n all the "illites" the top of the column representing total charge 
is weil above the 0.5 line; in the montmorillonites it is below that ·line. 
In the "illites" the colu1l111 repn:senting tctrahedral charge is about twice as 
tall as the one representing octahedral charge. In the mont1l10rillonites only 
one sampIe has a significant amount of tctrahedral charge; in all other 
sampIes the octahedral charge is greatly predominant. In the "illites" two
thirds or more of the charge is fixeel by potassiu1l1 and the area occupied 
by exchangeable bases is commonly smaller than the same area in · the 
montmorillonites, although the highest a1l1ount of exchangeable bases 
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among thc "illites" approaches in magnitude the lowest among thc 
1110ntmorillonites. 

1t is apparent, from these differences in thc charge characteristics of 
thc "illites" amI the montmorillonites brought out by the formulas and 
histograms, that simple removal of K amI its replacement by Na, Ca, or 
Mg would not convert an "illite" to a montmorillonite, nor would mere 
fixation of K between the layers of a montmorillonitc rcsult in thc forma
tion of an "illite" likc any that have been describcd. 

B eidellites 

By definition bcidcllites are characterized by littlc magnesIUm 111 the 
octahedral group and considerable aluminum in thc tetrahedral group. 
FrOIll thc standpoint, thcreforc, of octahcdral-tctrahcdral charge relation
ships, beidellites and "illitcs" should be Illore similar than montmorillonites 
and "illites." Unfortunatcly, howcver, considcrable doubt has been cast 
on the purity of most of thc materials that have bccn callcd bcidclIites. In 
their paper on Differential thermal analysis 0/ day minerals and othcr 
hydrous materials, Gril11 and Rowland (1942) subjected six so-called 
bcidellites to diffcrential thermal analysis and interprcted the curves to 
indicate that all of them wcrc mixtures of "illite," montmorillonite, and/or 
halloysite and/or kaolinite. X -ray data were not incol11patible with this 
interpretation. Attempts to calculate formulas for thc material from 
Chihuahua, Mexico, from the analyscs given in this paper resulted in 
failure. However, formulas werc calculated for the other analyses for 
wh ich sufficient analytical data were given (Table 4). 1ncluded in the 
table is a formula calculated from an analysis of beidellite given by Ross 
and Hendricks (1945). 

T ABLE 4. - STRUCTURAL FORMULAS FOR MATERIALS THAT 
HAVE BEEN C'\.LLEIJ BEIIJELLITI,S 

Locality FormuIa 

-.08 -.51 
Fairview, Utah (AI Fe Mg ) (Si AI ) 0 (OH) 

1.64 .30 .07 3.49 .51 10 
2,01 

-.25 -.30 
Twin Falls, Ida. (AI Fe Mg ) (Si Al ) 0 (OH) 

1.34 .40 ,27 3,70 .30 10 
2,01 

-.17 -.42 
neidelI, Cola. (Al Fe Mg ) (Si Al ) 0 (OH) 

1.40 .50 .08 3.58 .42 10 
1.9l! 

-.06 -.45 
'Wagon \Vheel Gap, Cola, (AI Fe Mg ) (Si AI ) 0 (OH) 

2 

2 

2 

1.57 .35 .10 3.55 .45 10 2 
2.02 

-.21 -.46 
South Bosque, Tex. (Al Fe Mg (Si AI ) 0 (OH) 

1.69 ,07 .25 3,54 .46 10 2 
2.01 

x .59 
.16 K 

x .55 
.19 K 

x .59 
.00 K 

x .52 
.09 K 

x .67 

.00 K 
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The calculated formulas indicate a fairly consistent type of material
whether it be a mixture or a single mineral- characterized by a total 
charge commonly lower than that found on the "illites" and higher than 
that on the montmorillonites. The charge is predominantly tetrahedral as 
on the "illites," but the octahedral charge is lower than that on the 
"illites," which in turn is lower than that on thc 111ontmorillonitcs. Hellce 
the lower total charge cannot be attribllted to a simple mixtlIre of "illitc" 
and montmorillonite, which would tend to produce a material having an 
octahedral charge of between about 0.25 and 0.42, whereas none of the 
so-called beidellitcs has an octahedral charge greater than 0.25. The K 
content of some of the so-called beidellites suggests the presence of some 
"illitc," but the highest K in any of the beidellites (?) is less than half 
the K usually found in the "illites." 

CALCULATED MIXTURES 0]7 "ILLITE," KAOLINITE, 
AND MONTMORILLONITE 

Grirn and Rowland (1942) interpreted the differential thermal curves 
of the beidellites examined by thern as indicating mixtures of kaolinite or 
halloysite, "illite," ami rnontmorillonite. In order to determine whether 
such rnixtures would havc formulas sirnilar to those calculated for the 
beidellites, mixtures in varying proportions of a kaolinite (Zettlitz, Czccho
slovakia), an "illite" (Fithian, Ill.), anel a montmorillonite (Nieder-Bayern, 
Germany) were calculated. The fonnulas derived from these mixtures 
are shown in Table 5. 

T ABLE 5. - FORMULAS FOR CALCULATEU MIXTURES OF KAOLINITE, 
ILLITE, ANU MONTMORILLONITE 

Mixture Formula 

3/5 kaolinite +.04 -.63 
(Al Fe Mg ) (Si AI ) 0 (OB:) 1/5 illite 

1/5 montmorillonite 1.89 .13 .00 3.37 .63 10 2 
2.02 

1/3 kaolinite -.10 -.56 

1/3 i1Iite (AI Fe Mg ) (Si AI ) 0 (OB:) 
1/3 montmorillonite 1.71 .20 .10 3.44 .56 10 2 

2.01 

2/5 kaolinite -.08 -.61 

2/5 illite (AI Fe Mg ) (Si Al ) 0 (OB:) 
1/5 montmorillonite 1.77 .19 .04 3.39 .61 10 2 

2.00 

2/5 kaolinite -.09 -.48 

J/5 illite (AI Fe Mg ) (Si AI ) 0 (OR) 
2/5 montmorillonite 1.75 .16 .10 3.52 .48 10 2 

~2.01~ 

2/5 illite ~.:JO -.27 

3/5 montmorilIonite (AI Fe Mg ) (Si Al ) 0 (OB:) 
1.47 .26 .28 3.73 .27 10 2 

2.01 

2/5 kaolinite -.13 -.39 

3/5 montmorillonite (AI Fe Mg ) (Si AI ) 0 (OB:) 
1.74 .14 .12 3.61 .39 10 2 

2.00~ 

x .59 
.16 K 

x .66 
.22 K 

x .69 

24. K 

x .57 

.14 K 

x .57 
.22 K 

x .52 

.04 K 
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Two of the mixtures that were made up one-half or more of kaolinite 
produced a formula that had more than 2.00 positions in the octahedral 
group, a plus charge on the octahedral group, and a lack of agreement 
between the sum of the layer charges ami the sum of the external cations, 
the sum of the external cations being considerably less than the sum of 
layer charges. These are also the characteristic features of the formula 
derived from the analysis of the so-ca11ed beide11ite from Namiquipa, 
Chihuahua, Mexico, which Grim and Rowland (1942) interpret as being 
principally kaolinite or ha110ysite with perhaps a s111a11 a1110unt of 111011t-
111orillonite, although the K content of this sampie suggests the presence 
of a little "illite." The amount of K reported in the analysis, 1.18 percent, 
suggests that the material was about one-fifth "i11ite." 

The other mixtures produced formulas that were similar to those of thc 
beidellites with respect to the charges on the octahedral and tetrahedral 
layers, the trivalent-bivalcnt ion composition of the octahedral layer, the 
aluminum content of the tetrahedral layers, and the K content. This 
similarity is shown graphica11y in thc histograms (Fig. 2) of formulas 
derived from analyses of materials that havc been ca11ed beide11ites and 
from the calculated mixtllres. Included for comparison are histograms of 
formulas of "illites." 

Per... lJrI,U" 
c. ,"' a f 

charqrt 

10 10 ·-----
11 i l.ogIlJIlf. 
11.1111 ... 

U'....,.IIIOf. 

~ 15----1 

10 10----1 

HYPolh,licol mlxluru 

U, a,;_1~11. 2/, """nt'. )J~ ".I"ul. 
I}, .lIiI. 11' ,lIltt '11.11"l1li 
1.11 WIOff"IIJCIf. 1ft ...,..... 2/ :1 1IIfIIOt'IIl1ftOl'. 

Mol.rloll thaI 11o •• bte" co lied btidellilt 

I/ .J IcClOHfI;l. 
)/J lIMIMiNII. 

'l1.J .111'. 
1/s fDICIrl l lllOl' , 

Dill .. 

FIGURE 2. - Histograms of materials that have been called beidellite and "illite"; 
and hypothetical mixtures. 
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The mixture made up of two-fifths kaolinite, one-fifth "illite," and two
fifths montmorillonite is very similar in the amount of total charge and 
in tetrahedral-octahedral charge relationship to the materials from Fair
view, Utah, and Wagon \Vhcel Gap, Colo. The K content and the relation 
between K and exchangeable cations are also comparable. The mixture 
made up of two-fifths "illite" and three-fifths montmorillonite is like thc 
material from Twin Falls, Idaho, in these characteristics, and the material 
from BeidelI, Colo., is very similar to a two-to-three mixture of kaolinite 
and montmorillonite. Grim and Rowland (1942) concluded, from the 
differential thermal curve of the crude material, that the BeidelI, Colo., 
material is primarily a mixture of halloysite, "illite," and montmorillonite; 
but thc presence of only a trace of K in the material indicates the absence 
of "illite." A differential thermal curve of hand-picked, apparently 
homogeneous material was the same as that of the crude material except 
for the size of the peak between 600°C and 70ü°C, and an x-ray analysis 
of the hand-picked material showed more pronounced montmorillonite 
diffractions than the crude sampie. 

Larsen and Whcrry (1925) proposed the name beidellite for thc 
material from BeidelI, Colo., that had been previously described by them 
as leverrierite, and Ross and Shannon (1925) describcd the propcrties of 
beidellite. Ross and Hendricks (1945) induded beidellite as a high-alumina 
member of the montmorillonite group on the basis of analyses that 
appeared to be similar to those of montmorillonite but with a higher 
alumina content. However, the fact that all the materials called beidellite, 
that have been studied carefully by x-rays and differential thermal 
analysis, seem to be mixtures of kaolinite or halloysite, "illite," and/or 
montmorillonite, casts considerable doubt on the validity of beidellite as a 
mineral species. Ross, himseIf, has been of the opinion for some time that 
the name beidellite should be discarded and that thc name "alumian 
montmorillonite" be used for a montmorillonite having considerable 
aluminum in the tetrahedral group. 

CONCLUSION 

Beidellite, of all the montmorillonites, has a hypothetical composition 
most like the composition of the day that would be formed if the K in 
"illite" were removed and replaced by exchangeable cations Iike sodium 
or calcium, but the existence of a natural montmorillonite day of this 
type has not been authenticated. Conversion of "illite" to montmorillonite 
(using the term in the restricted sense), or vice versa, would require a 
much more deep-seated alteration than simple removal of potassium from 
"illite" and its replacement by sodium, calcium, or magnesium, or the 
fixation of potassium between the layers of a montmorillonite. Conse
quently, the concept that montmorillonite and "illite" are analogous except 
for the presence or absence of nOriexchangeablepotassium is misleading 
and an oversimplification of the relationship between these two groups 
of minerals. 
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DISCUSSION 

R. E. Grirn. - Perhaps before the name "beidellite" is accepted we must 
find a natural mineral (single species and not mixed layer) that has the 
assigned beidellite formula. 

C. E. Marshall. - I am strongly in favor of retaining the name beidel
lite. If it were not available, we should now find ourselves searching for a 
name to describe the end member of the montmorillonite group having an 
expanding lattice and apredominant charge on the silica layers. The fact 
that impurities were found in the type material is, in clay mineralogy, 
not surprising. 

Rusturn Ray. - I would agree with Dr. Marshall that even though the 
original material classified as beidellite may have been shown to be a 
mixture of various phases, other minerals do exist in nature which fall 
within the description usually associated with the term beidellite. And 
should this name be abandoned another will have to be found: for even if 
they do not occur in nature we can synthesize quite typical beidellites of 
known and controllable compositions. But here again the quest ion must 
be raised as to whether or not these synthetic materials deserve mineral 
names. In this case, however, where it appears certain that the synthetic 
material would represent merely a pure end member of a particular species, 
it does emphasize the necessity for a name for the species. 

Margaret D. Faster. - I agree that the name "beidellite" should be 
retained for the end member of the montmorillonite group having a pre
dominant charge on the silica layers, even though no natural material 
having such a formula has, as yet, been described. 
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