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ABSTRACT

The study of 20 samples of glauconites from the Bohemian Upper Cretaceous has con-

firmed the general (Burst /1958/ arrJHower /1961/) thesis that the chemical variability

of glauconites is due to their mineralogical heterogeneity. From this point of vierv the de-
pendence between the percentage of expandable layers and the content of all main chemical
components in the structure- of the glauconites, has been examined. In glauconites with
decreasing percentage of 14 A layers, the content of K, AlIv and Ii'e3+ rise linearly, while the

Si, Alvr and Mg content decrease linearly.
From the quantitative relations between the main chemical components and the pro-

portion of expandable layers in natural (10 A/t+ A) glauconites, the following crystalo-

chemical formula has been derived by extrapolation for a homogeneous 10 A glauconite:

Ko zs(NaCa) (Fell:A1o.rsl\tgo rrl'"ilt (Sl, ogAlo.r)Oro(OH) r.

fNrnooucrroN

The chemical composition of glauconites has been studied by many
authors. fn general, a considerable chemical variabil ity has been estab-
Iished in glauconites; especially the contents of the oxides KzO, FezOs
and AI2OB are variable [compare the chemical analyses published by
Hendricks, Ross (1941), Valeton (1958), Foster (1960), Borchert, Braun
(1963) and others.l

The varying Fe:AI ratio is used by some authors as a basis of the
chemical classification of glauconites; consider Smulikowski (1954),
Lazarenko (1956), Gorbunova (1950), or Borchert and Braun (1963).
These authors assumed that all the various combinations exist in glau-
conites from the ferric type (the so-called Fe-glauconites where Fe)AI)
to the aluminium type (the so-called Al-glauconites where Al)Fe).
Smulikowski has suggested giving the Al-glauconites a special name,

"scolites,"
Frequently an attempt is made to explain in some way this chemical

variabil ity of glauconites. Some authors see the decisive feature in the
geological age of glauconites (Smulikowski, 1954; Urban, 1957); others
point out the lithological character of the glauconite-bearing sediments
(Hower, 1961; Bentor and Kastner, 1965) or the paleogeography of
the sedimentation area (namely, the distance of the deposited material
from the coast) (Gorbunova, 1950; Machinin 1951; Borchert and Braun,
1e63).

Burst (1958) and Hower (1961) (also Manghnani and Hower, 1964)
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have recognized that the changes in the chemical composition of glauco-
nites relate to the presence and amount of expandable layers in the struc-
ture of glauconites. On the basis of X-ray examination and chemical
analyses, Burst has established a relation between the content of the
14 A component of the glauconites and the KzO and FezOe contents.
However, using the crystallochemicai formulas of glauconites as a
basis, e-xpressed this dependence more accurately as a relation between
the 14 A (montmoril lonite) component and the amount of the interlal 'er
potassium and octahedral iron and aluminium. Therefore, the geolog-
ical age, l i thology and paleogeography- can only be considered possible
causes of  a var iable content  of  the 14 A component  in  g l ruconi tes;  thel '
cannot be considered direct causes of the chemical variabil ity of glau-

conites.
The aim of this paper is (a) to present a survey of the chemistry of

glauconites from the Bohemian Upper Cretaceous, and (b) to derive
the actual forms of dependencies between the content of all the main
chemical components in the glauconites and the percentage of the 14 A
component in their structure.

ExporrvnNr-Lt, MBrnoos

Chemi.cal' anatryses Chemical analyses of glauconites (Table 1) were made by Ing. F Chalu3
in the chemical laboratory of the Geological Institute of the Czechoslovak Academy of

Sciences. Electromagnetically separated glauconites, which were handpicked under the

binocular microsope, were used for analysis. The chemical analyses (after subtraction of

apatite) were used to construct the crystallochemical formulas shown in Table 2. The

formulas are based on an idealized unit cell of 12 oxygen atoms which can accommodate,
after allowances for hydrogen, 22 cationic valences (for an example of the mode of calcula-
tion see Kelley, 1945). The subtraction of apatite has been carried out by subtracting all

the PzO; and an equivalent proportion of CaO.

X-ray d,ifraction.Xtal, difiraction determinations were performed on oriented specimens
of untreated, g11'col-solvated, and potassium-treated (with a 1 N KCI solution) samples.
The percentage of expandable layers was determined from the position of the combined
00110/00115 sO0lrcf002v, and 001r0/00112a reflections.'Ihe percent of expandable layers
was read from the curves of Brown and MacEwan (1951), which relate spacing to the
amount and type of interlayering; it is reported in 5 percent intervals (see Table 2) Tt has

been established that the proportion of the expandable (14 A) layers ranges from (5 to
25 percent (Cimbrd.lnikov6, 1970).

CnBlrrsrny or GLAUCoNTTES AND Irs Venrasrlrrv

A survey of the chemical composition of the glauconites studied is
presented in Table 1.

The relation between the percentage of expandable layers and the
amount of the fundamental cations in the structure of glauconites (i.e.
K, Si, AFv, Fe3*, Fez+, Alvr and Mg) is i l lustrated by fitted curves in
Fisures 1 and 2.
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In Figure 1 the 5 percent intervals of the expandable component detetmined by
Xrays (Table 2) are refined by their known relation to the content of K+ ions (Manghnani
and Hower, 1964). Samples were plotted approximately along the r axis according to the
X-ray estimates of expandable layers, and along the y axis according to the chemically de-
termined potassium content. A curve (quadratic parabola, comp. Manghnani and Hower,
1964) was fitted by the least-squares method. The potassium content is known with an
accuracy of +2/o, and the fitted curve gives more accurate values for the percent expand-
able layers. These values are then used as a basis for the plots of other elements in Figure 2.

From Figures 1 and 2 the following general conclusions may be drawn
and dependencies inf erred :

1. The chemical variabil ity of natural (lO A/14 A) glauconites de-
pends on the percentage of expandable layers in their structure (as has
been concluded by Burst, 1958 and Hower, 1961). The proportion of the
expandable layers afiects the contents of K, Si, AIIY, p.a+, Alvr, Mg and
Fe2+ .1

2. With the increasing proportion of the 14 A co*ponent in glaucon-
i tes:

(a) The content of potassium decreases in the interlayer spaces;

1 Fe2+ decrease is not significant; statisticai analysis of a greater number of samples to
examine this relation shouid be used in general.



1390 ALENA CIMBALN(KOVA

'L expohdoble

f,00

Ito

170

t60

\20

1,10

1po

cw

q0

4ro

o,il

q,2o

0,10

0.00

o,ao

0,30

q20

0,10

0.70

o&

q$

0.10

o.J0

qs

q10

q&
Mg

soDples ,f

Frc. 2. Reiation between the percentage of the expandable layers and

the number of Si, Alrv, Fe3+, Fe2+, AlvI and Mg ions in glauconites

(b) The content of Fe3+ decreases, and the AIvr and Mg content in-
creases in the octahedral sheets;

(c) The Si content increases and the amount of Alrv decreases in the

tetrahedral sheets.

3.  The chemical  composi t ion of  homogeneous (10 A)  g lauconi tes is ,
therefore, not as variable as is usually assumed. The amounts of the

chemical components (in atomic proportions) can be extrapolated from

m 9 .911 /3 1J tO J7 7' 15 75 t0 Jt 62
n 2 2 7 1 7 9 1
n *
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Figure I and 2. Hence, the approximate structural-chemical formula of
a 10 A glauconite is as follows:

Ko.zr(NaCa) ( r 'e l l rAI  o.nuUgo.r , r . i l r )  (Sia.6eAl0. ,er)  Olo(OH) r .

Therefore, it follows that glauconites can be classified, in the first place,
according to the mineralogical-strr.rctural criteria, i.e. according to the
percentage of expandable layers in their structure. In classifying them
from the chemical point of view, only such criteria can be accepted
which reflect this structural aspect without distorting it. From Figure 2,
it is evident that the ratio of octahedral Fe and octahedral AI can rep-
resent such a criterion. The ratio of total Fe and total Al, however, can-
not serve this purpose, as both coordination forms of Al behave quite
contrary to the proportion of the expandable component. The Alvr
content increases with a rising expandable percentage, whereas under
the same condition, the Alrv content decreases.
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