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SOME FACTORS CONCERNING THE NATURE
AND ORIGIN OF GLAUCONITE

Jouw Howex, Monlana Slo,te Un'iaersity, Missowla, Monlana.

Anstn.tct

The compositiona.l variations of glauconite can be related to differences in mixedJayer'
ing inyolvllg r'iliite" (10 A) and 

({montmorillonite" (expandable) layers, The interlayer
cations potassium and rubidium and the oetahedral cation iron decrease with increasing
pmounts of exppndable layers. Strontium lncre&ses rapidly with increasing per cent expand"
able layers and because it is lorgely exchangeabJe is aseumed to be present in the expand-
able layers as an exchange ion,

The relotionships between structure and composition are used to examine Burst's
model for glauconitization. Pellets that occur in clean sandstones, limestones and dolomites
are almost exclusively monomineralic, consisting only of mixedJayer illite/montmorillonite
with a low per cent expandable layers. Pellets that occur in argillaceous sandstones and
marls frequently contain extraneous clay minerals and the illite/montmorillonite contains
a high per cent expandable layers. Because of the well known observation that glauconite
forms only at relatively low sedimentation rates it is concluded that the pellets occurring
in argillaceous sandstones and marls represent less glauconitized material than those pellets
occurring in clean sandstones, limestones, and dolomites. These observations fit Burst's
model for glauconitization which assumes a degraded 2:1 layerJattice structure as the
parent material and the glauconitization process as a gradual substitution of iron for alu-
minum in the octahedral positions, a concomitant gradual increase in lattice charge (arising
from the octahedral layer) and a consequent increase in interlayer potassium which results
in the collapse of increasingly more layers to the non-expandable 10 A type. It is also
shown that potassium increases with octahedral charge and is independent of tetrahedrai
charge, a phenomenon predictable from Burst's model but no other.

Glauconites difier significantly in composition and structure with geologic age. Young
glauconites are lower in potassium (and thus higher in per cent expandable layers) and
are more frequently mineralogically heterogeneous than older glauconites. A large part of
these age differences appears to be explainable on the basis of lithologic association. How-
ever, there is some evidence for iate epigenetic gain of potassium

Weaver has shown similar difierences with geologic age in the clay mineral assemblages
of shales. Because of this similarity and because a good case can be made for attributing
most of the variations in the mineralogy of glauconite pellets to diagenetic effects, it is sug-
gested that diagenesis may have played an important role in the formation of the clay
mineral assemblages of shales.

IwrnoouctroN

Burst (1958a, I958b) has recently shown that glauconite pellets are
composed of mineralogically heterogeneous material. He has divided the
pellets into four classes on the basis of $-ray difrraction data: (1) Ordered
10 A structures, (2) Disordered 10 A sfuctures, (3) fnterlayered struc-
tures, and (4) Mixed mineral pellets. The first three classes form a series
of increasing potassium from class (3) to class (1). The fourth class
includes glauconite pellets composed of more than one clay mineral. No
relation was found between external morphology and mineralogical com-
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position. Burst has shown clearly that since some pellets are mineral
mixtures any interpretation of the chemical composition of glauconite
must be aided by an N-ray diffraction determination of the mineralogical
composition.

Investigations into the origin of glauconite previous to those of Burst
were greatly handicapped by the lack of r-ra"y difrra"ction data. One of
the major problems concerning the origin of glauconite has been the
type of starting (parent) material. The conclusions of these previous in-
vestigations as to the nature of the glauconitization process have been
colored by what appeared to be the parent material in a particular in-
stance of glauconite formation. For this reason Gall iher (1935, 1939)
proposed that glauconitization involved the alteration of biotite, the
chemical changes involved being: (1) oxidation of the iron already pres-
ent, (2) partial loss of potassium, (3) "hydration," and (4) partial loss of
aluminum. Takahashi (1929,1939), on the other hand suggested that the
parent material for glauconite formation was an amorphous gel of
aluminates and silicates. This material, he assumed, was derived from
a number of preexisting materials such as volcanic glass, mica, clays in
fecal pellets, feldspar, etc., by hydration and consequent gelatinization.
Subsequent recrvstallization during diagenesis ("submarine metamor-
phism") along with compositional changes give rise to glauconite. The
composition changes that Takahashi proposed include an increase in
potassium and iron and a decrease in aluminum.

The model of glauconitization proposed by Burst assumes that the
immediate starting material in the formation of glauconite can be any
degraded (expandable) layer lattice mineral. The process of glauconitiza-
tion according to this model consists of absorption of potassium and iron
by the degraded Iayer lattice material under the proper environmental
conditions. This model fits the known data on glauconites better than
any previously proposed. The main purpose of the present study was to
attempt to test the model for glauconitization with data supplementary
to that provided by Burst. An additional purpose was to relate the com-
positional and structural variations in glauconite that are of interest to
the use of this material in the radioactive dating of sedimentary rocks.

ExppnruBNrar, l{Bruoos

X -r ay Difraction Determination s

Oriented specimens of the glauconites were prepared for the x-ray
diffraction determinations. A sample was iirst disaggregated in distilled
water, either by grinding or ultrasonics, and the suspension was then
centrifuged through a porous porcelain plate. This technique was de-
vised by Kinter and Diamond (1956).
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The type and extent of interlayering was determined from diffraction
patterns of treated samples. Patterns were obtained on untreated, glycol
solvated, and potassium-treated (with a 1N KCI solution) samples. Most
of the samples were also run after heat treatments in the range 500-
600' C. for a period of f hour in order to detect the presence of chlorite
layers. The per cent expandable layers was determined from the position
of the combined 001/001 reflection following glycol solvation and also
following potassium treatment. The per cent expandable layers was read
from the curves of Brown and MacEwan (1951) and Weaver (1956) re-
lating d-spacing to amount and type of interlayering, and is reported to
the nearest five per cent.

Randomly oriented r-ray diffraction patterns were run on a number
of glauconites to determine polymorphic type.

Chemical Analyses

Potassium was determined flame photometrically with a Perkin-Elmer
instrument using lithium as the internal standard. The samples were
taken into solution using a HF-HCI04 attack. The standard deviation of
the determinations is * three per cent of the amount present.

Strontium and rubidium were determined r-ray spectrographically
using the method described by Hower (1959). Standards were prepared
by mixing carbonates of Rb and Sr with AIzOs. Arsenic was used as the
internal standard. The precision of trace element r-ray specrrographic
t.echniques is best expressed in terms of absolute amount. The standard
deviation of the Sr and Rb determinations is about *5 ppm. Therefore,
the relative precision of the determination of sr in some glauconites is
quite poor.

fron was determined for a few samples by a semi-quantitative r-ray
spectrographic method. A one point working curve was constructed
using an analyzed sample (the Bashi fm.) as the known point. The slope
of the working curve was adjusted by calculating absorption coefficients
for six additional analyzed glauconites relative to the Bashi sample. The
standard deviation of the determinations is * 2 per cent of the amount
present. The accuracy is thought to be within * 10 per cent. Iron is
reported as Fe2O3.

Rpsur,rs AND DrscussroN

Relations hip B etw een Gl,auconite C om p o sition and S tr uctur e

As discussed in the previous section, the method of sample prepara-
tion for x-ray difflaction determinations was different from that em-
ployed by Burst (1958a,19580). The rnore vigorous orientation tech-
nique results in a lack of patterns showing the 448 A peak exhibited by
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Burst's "disordered" type of glauconite. A comparison of the results of
both methods can be briefly made as follows. AII glauconites are inter-
iayered to a certain extent, The interiayering is almost exclusively be--

tween expandable (montmoril lonitic) layers and non-expandable 10 A
iayers, Patterns obtained from glycolated, potassium-treated, and heat-

treated samples show no appreciable amount of chlorite or vermiculite
layers in any glauconite, Burst (personal communication, 1960) has

deteeted chlorite in some glauconites and has pointed out that the heat

treatment used in this study wouid destroy some sedimentary chlorites'
Glauconites exhibit a continuous series from (5 per cent to approxi-

mately 40 per cent expandable layers, A comparison with Burst's f lrst
three classes can be related to the amount of expandable layers. An ap-
proximate comparison is that "ordered" glauconites contain ( 10 per

cent expandable layers, "disordered" glauconites 10-20 per cent expand-
able layers, and "interlayered" glauconites ) 20 per cent expandable
layers. Figure I shows the difiraction patterns of glauconites that cover
the range from (5 per cent to approximately 30 per cent expandable
layers.

Frc. 1. Examples of monominerailic glauconite pellets composed of mixed-layer illite/

montmorillonite. The samples are glycol solvated. (upper left) Tonto Fm., Cambtian, S/s

expandable layers,6 7/sK; (upper right) Bonne Terre Fm., Cambrian, 1016 expandable

layerc,6.9!6 K; (lower left) Gros Ventre Fm., Cambrian, 15/6 expandahle layers; (lower

right) Colorado shale, Cretaceotts, 25/s expandable layers, 4.270 K.
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PERCENT POTA5SIUM

Frc. 2. The relationship between weight per cent potassium and per cent expandable
layers in monominerallic mixedJayered illite/montmorillonite glauconite pellets.

Randomly oriented difiraction patterns gave the same results as those
reported by Burst (19586). Glauconites with a low per cent of expandable
Iayers are the lM polymorph; glauconites with a high per cent of ex-
pandable layers are the lMd polymorph.

Table I is a summary of the structural and some of the compositional
data on glauconites for which r-ray difrraction data are available. A por-
tion of the difiraction data was obtained during the present study. The
remaining difiraction data were obtained from Burst (I958a, 19580) and
Warshaw (1957). The sources for data of all types are noted in the table.
The values reported of per cent expandable layers from the Burst sources
were roughly estimated from his patterns of untreated samples. None of
these estimated values are used in the plots relating compositional and
structural changes which follow.

The samples are l isted in Table I in order of increasing amounts of
expandable layers. Some relationships between structure and chemical
composition can be noted. Potassium decreases with increasing per cent
expandable layers. This is the same trend noted by Burst for his first
three classes. Figure 2 is a plot of weight per cent potassium against per
cent expandable layers for glauconites that are not clay mineral mixtures.
The plot indicates a continuous series in glauconites that covers a wide
range of potassium content.

Other elemental variations can be related, at least in part, to struc-
tural variations. Figure 3 is a plot of strontium against per cent expand-
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320 JOHN HOWER

able layers for glauconites which are not clay mineral mixtures and con-
tain no detectable calcite. The strong positive correlation suggests that
Sr is an exchange ion present in the expandable layers. Table II compares
the Sr contents of glauconites that have been treated with a one normal
NHaAc solution with untreated samples. ft is apparent that most of the
Sr in these glauconites is easily exchangeable. The conclusion is that most
of the Sr present in glauconite pellets is indigenous to the glauconite and
is adsorbed on the basal plane surfaces of the expandable layers. This

Per.enf rrf,lnaoorc toy..t

Ftc. 3. The relationship between strontium and per cent ex-
pandable layers in carbonate-free glauconite pellets.

conclusion differs from that of Herzog et al (1958), who determined Sr in
glauconites in the course of Sr/Rb dating studies, and attributed the
strontium variations in glauconite wholly to calcite contamination. Their
HCI treatrnent to remove calcite would also remove exchangeable Sr
held by the glauconite. However, addition of "common" Sr to glauconite
samples by calcite contamination could undoubtedly be significant for
glauconites that are intrinsically very low in Sr. An example is sample
number 8 in Table I (Mt. Whyte Fm.) which contains only 10 per cent
expandable layers and 116 ppm. Sr. Calcite is readily detectable in this
sample by r-ray difiraction.

Rubidium decreases roughly with increasing amounts of expandable
layers (Fig.4). Rubidium does not decrease as rapidly as potassium,
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Frc. 4. The relationship between rubidium and per cent ex-
pandable layers in glauconite pellets.

probably because it is preferentially adsorbed in the expandable layers.
On the basis of the most limited data shown in Table II, the Rb is non-
exchangeable. I\{ost of the Rb is undoubtedly held in the non-expandable
Iayers.

Potassium, rubidium, and strontium are interlayer cations in glau-
conite and would thus be expected to show some relationship with the
per cent expandable layers. Iron is octahedrally coordinated in the

Tlrr,n IL Errncr ol NHlAc Tnolrunxr oN rnn Srnorrrulr CoNrBNr or Gr,.cucoxrrns

32r
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RbSr

Sample
%

Expand-
able Untreated 

NHo 
, Untreated

treated
NHn

treated

Tonto Fm.
Birkmose Fm.
Bashi Fm.
Franconia Fm.
Gros Ventre Fm.
Colorado Fm.
Sundance Fm.
Moody's Branch Fm.
Byram Fm.

< 5
q

10
10
1 q

25
30
30
40

- 1 0
20
40

- 1 5
25

100
115
170
245

-10
-10
-10
-10
-10

25
N
60
25

310
290
290
265
275
320
245
145
165

295

265

330
235
150
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glauconite structure and would therefore not necessarily show any rela-
tion with the nature of inter-layering. Figure 5 is a plot of total iron,
reported as Fe2O3, against per cent expandable layers. There appears to
be a rough correlation, the possible significance of which will be dis-
cussed in a later section.

Percenl Expondable LaYe,rs

Frc. 5. The relationship between total iron as FezOs and per

cent expandable layers in glauconite pellets.

RBr.erroN BorwnBN Lrrnor,ocrc TvpB or ENcr-osrNc

SplruoNr AND GLAUCoNnB Srnucrunn

Warshaw (1957) has pointed out a relationship between glauconite

structure and the lithologic nature of the rock type in which the pellets

occur. For twelve occurrences she found the following relationships:

Glauconites equivalent to Burst's "ordered" and, in part, '(disordered"

type occurred in a dolomite, a chert, and sandstones in which the detrital
grains are mostly qtartz, quartzite, or chert and the cement is silica

andfor carbonates; glauconites of Burst's "disordered" type occurred in

a subarkosic sandstone and a bentonitic shale; "mixed-layer" type
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glauconites occurred in sandstones containing large amounts of feldspar,
clay minerals other than glauconite, and mica.

Included in Table I is, when known, the general nature of the l itho-
logic type of the enclosing sediment in which the glauconite sample oc-
curs. The lithologic description is generalized and simplified-it is hoped
not oversimplified. Table III is a summary of these data, dividing glau-
conites into two groups, those with ( 10 per cent expandable layers and
those with ) 15 per cent expandable layers. Glauconites with < 10 per
cent expandable layers occur predominantly in non-argillaceous qtrartz-
ose sandstones and "normal" carbonate rocks (limestones and dolo-
mites). Glauconites with )15 per cent expandable layers occur pre-
dominantly in argillaceous sandstones and marls.

Tua Onrcrw oF GLAUcoNTTE

Burst (1958o, 1958b) has proposed, on the basis of his investigations'
a model for the origin of glauconite that reconciles many of the older
proposals. He suggests that the process of glauconitization requires
simply (1) a degraded sil icate layer lattice, (2) u plentiful supply of iron
and potassium, and (3) a suitable redox potential. The redox potential
is frequently supplied by a locally reducing environment associated with
decaying organic matter, in a generally oxidizing environment. The
locally reducing environment can be present in fecal pellets, inside fo-
raminiferal tests, etc., hence the frequent glauconitization of these ma-
terials. Other factors, such as sedimentation rate, water temperature,
water depth and parent material can have an influence on the specific
nature (type) of glauconite that forms. Burst further suggests that the
chemical changes involved in glauconitization are "the adjustment by
absorbing iron and potassium into . . . impoverished clay lattices in
amounts controlled, in part, by the surrounding sea-water chemis-
try. . . . " By impoverished is meant degraded; that is, a layer-lattice
structure consisting largely or wholly of loosely bonded (expandable)
layers. This expandable material could also include the montmoril-
lonoids as well as degraded originally non-expandable layerJattices. Pre-
sumably, given the proper chemical conditions and enough time the ma-
terial would approach the composition and structure of Burst's "mineral
glauconite." Burst has defined the "mineral glauconite" on the basis of
his "ordered" glauconites-those which have few expandable layers,
ordered stacking, and are high in potassium.

The data reported in previous sections can be profitably used to test
the model for glauconitization proposed by Burst. First, however, it
would be well to attempt to describe the mechanism of chemical change
in more detail, The "absorption of potassium and iron" would involve

323



324 JOHN HOWER

Taslr III. RELATToN BnrwonN Gl.lucolrre Srnucrune aNo
' Lrrsor,ocrc Typn or ENcr,osrNo SnnrueNr

Sample Age Lithology

a. Glauconites with

Tonto Fm.
Birkmose Mem.
Reno Mem.
Park Fm.
Mahele Fm.
Mt. Whyte Fm.
Stenbrottet ls.
San Saba Mem.
Tyner Fm.
Bonne Terre Fm.
Vidono Fm.
Bashi Fm.

( 10 per cent expandable layers

Cambrian
Cambrian
Cambrian
Cambrian
Paleocene
Cambrian
Ordovician
Cambrian
Ordovician
Cambrian
Cretaceous
Eocene

clean quartzose ss
clean quartzose ss
clean quartzose ss
clean quartzose ss
clean quartzose ss
calcareous ss
limestone
limestone
dolomite
dolomite
chert
marl

b. Glauconites with > 15 percent exoandable lavers

Lion Mt. Mem.
Gros Ventre Fm
Murray sh.
Carlisle Cent. Fm.
Temblador Fm.
Warshaw 19
Domengine Fm.
Colorado Fm.
Panoche Fm.
Ripley Fm.
Reklaw Fm.
Sundance Fm.
Winona Fm.
Weches Fm.
Navesink Fm.
Wilcox Fm.
Burditt Marl
Carrizo Fm.
Prairie BIuff Fm.
Moody's Branch Fm.
Mathews Ldg.
Byram Fm.
Martinez Fm.
Morrow Fm.
Matalani Fm.

Cambrian
Cambrian
Cambrian
Devonian
Cretaceous
Cretaceous
Eocene
Cretaceous
Cretacoeus
Cretaceous
Eocene

Jurassic
Eocene
Eocene
Cretaceous
Eocene
Cretaceous
Eocene
Cretaceous
Eocene
Paleocene
Oligocene
Paleocene
Pennsylvanian
Eocene

limestone
argillaceous ss
argillaceous ss
argillaceous silt
argillaceous ss
argillaceous felds. ss
argillaceous felds. ss
argillaceous ss
argillaceous ss
calc. argillaceous ss
argillaceous ss
argillaceous ss
argillaceous ss
argillaceous ss
marl
marl
marl
marl
marl
marl
marl
marl
felds. ss
arenaceous sh.
chert
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the adsorption and subsequent fixation of these ions in the lattice and the
simultaneous release of other ions that were either exchanged on or
fixed in the lattice of the parent material. During the glauconitization
process iron would have to make its way into the octahedral layer of the
parent layer Iattice mineral, where it would commonly take the place of
aluminum. The replacement mechanism would most easily be accom-
plished in parent material of a degraded nature consisting Iargely of ex-
pandable layers-the parent material suggested by Burst. The iron ions
could migrate into the expandable layers, be adsorbed there, and even-
tually diffuse into the octahedral layer, replacing aluminum ions. Most
likely the rate of supply of iron ions would not be high considering the
Iow concentration of soluble iron compounds in the ocean. Also, the re-
placement process would probably be slow. Once the material being
glauconitized was buried very far below the sediment-sea water inter-
face (where the proper chemical environment is present) the process
would stop.

A few observations can now be made relating this proposed mechanism
of glauconitization to the known facts of glauconite formation.

A low or negative sedimentation rate has been recognized as a condi-
tion necessary for the formation of glauconite (Cloud, 1955). If the rate
of sedimentation is too high, glauconite does not form. In terms of the
proposed model this means that the rate of supply of degraded argil-
laceous material must be low and that the material being glauconitized
would remain at the sediment-sea water interface a long time. There
would, of course, be a range of sedimentation rates-other factors being
constant-over which glauconite could form. The glauconitization proc-

ess would not proceed as far when the sedimentation rate was at the
high end of the range as toward the lower. Therefore, the glauconitiza-
tion process under more rapid sedimentation would be arrested some-
where along the series "degraded llayer llattice mineral"-"mineral
glauconite." This is here proposed as the reason for the relationship be-
tween glauconite structure and lithologic type of the enclosing sediment
shown in Table III. Glauconites containing ) 15 per cent expandable
layers are found dominantly in argillaceous sandstones and marls in
which the rate of supply of argillaceous material is high. In contrast,
glauconites with ( 10 per cent expandable layers occur dominantly in
clean quartzose sandstones and normal carbonate rocks in which the
rate of supply of argillaceous material is low.

Burst (19586) has shown a similar efiect of sedimentation rate on the
glauconite type that forms. In a group of glauconites he has studied from
the Tertiary, glauconites occurring at unconformities approach his "or-
dered" type in contrast to glauconites occurring in conformable sedi-
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ments that tend to be of his "disordered" and "interlayered" types. Pre-
sumably the glauconites occurring at unconformities had a longer time
to approach the ordered potassium-rich (low per cent expandable layers)
end product and remained near the sediment-sea water interface longer.

Since the rate of formation of glauconite is slow, it can be concluded
that degraded or expandable material with a high lattice charge would
probably not be easily glauconitized. Weaver (1958c) has shown that
such material rapidly adsorbs potassium from sea water and collapses to a
non-expandable lattice. Once the layers collapse it would be difficult for
iron to make its way into the octahedral layers and glauconitization
would proceed only slowly, if at all. Therefore, if the parent material for
glauconite formation is a degraded layer lattice mineral, its susceptibility
to glauconitization should be greatly enhanced if the lattice charge were
relatively low. This means, then, an increase in net lattice charge and
therefore a consequent increase in the number of interlayer cations
(mainly potassium) as glauconitization proceeds. This fits the model sug-
gested by Burst. If this model is at least approximately correct, potas-
sium and iron should be directly proportional to each other and both
should be inversely proportional to the per cent expandable layers. The
model, however, does not require a one to one correlation between the
parameters. It means only that potassium (which depends on net lattice
charge) and iron increase-though not necessarily at the same rate-
together during glauconitization. Figure 5, presented previously with-
out a suggested explanation, shows that iron is roughly inversely pro-
portional to per cent expandable layers. Figure 6 shows that iron is pro-
portional to potassium. These relationships conform with the predictions
made above and based on Burst's model for gla,tconitization. These re-
Iationships would not be predicted by other proposed mechanisms of
glauconitization such as crystallization from amorphous material or the
alteration of biotite.

Another question which arises is that of the structural position of the
increase in net lattice charge during glauconitization. Again following
the proposed model, one would conclude that the increase in charge
takes place in the octahedral layer-for it is in this layer that extensive
ionic substitution takes place. It is also possible, of course, that some
substitution takes place in the tetrahedral layer-of iron for aluminum
or sil icon-as suggested by Hoebeke and Dekeyser (1955). Ifowever, the
presence of iron in tetrahedral coordination has yet to be proved (War-
shaw, 1957). Assuming that the'increase in net charge takes place by
substitutions in the octahedral layer, it can be predicted that the total
number of interlayer cations would increase with the net octahedral
charge and that no specific relationship would be expected between the
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number of interlayer cations and the net tetrahedral charge. Figures 7
and 8 indicate a confirmation of this prediction. Figure 7 shows an in-
crease in potassium with increasing octahedral charge. Figure 8 shows no
obvious relationship between potassium and tetrahedral charge. The
data plotted in these figures were obtained from structural formulas cal-
culated by Hendricks and Ross (194I), Burst (19586) and Warshaw
(1957). The relationships are somewhat open to question for they may
result, in part, from the method of calculation of a structural formula.
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Frc. 6. The relationship between potassium and iron in glauconite pellets.

However, if the structural formulas are close to reality, the relationships
are valid. Another feature that suggests that the increase in lattice charge
is predominantly in the octahedral layer is that the mean octahedral
charge (-0.92) in glauconite is higher than for any other 2:1 clay min-
eral.

To summarize, the data reported in the previous section lend support
to Burst's model for glauconitization. The model is as follows: (1) the
parent material can be any degraded 2:l Iayer lattice mineral (except
those with a high net Iattice charge);(2) the material must be subjected
to locally reducing conditions in a generally oxidizing environment-
this usually occurs in fecal pellets, foraminiferal f i l l ings, etc.; (3) an
abundant supply of K and Fe must be present. This condition is met in
the marine environment and not in fresh water environments; (4) glau-
conitization proceeds by the slow substitution of iron in the octahedral
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Fro. 7. The relationship between net octahedral charge and the number

of potassium ions per unit cell in glauconites.

Iayer, usually displacing aluminum. Along with this substitution there
is a gradual increase in the lattice charge with the consequent uptake of
more potassium and the eventual collapse of increasing amounts of layers
to 10 A. The end product is high in iron-and potassium and the structure
consists mainly of non-expandable 10 A layers.
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Frc. 8. The relationship between net tetrahedral charge and the

number of potassium ions per unit cell in glauconites.
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Other factors such as temperature and sedimentation rate wil l control

the rate of the chemical reactions and also determine how far the reac-

tion proceeds before it is stopped. This gives rise to the serial relation in

composition and structure found in glauconites. One end of this series

approaches a 2;l layer lattice low in iron and potassium and high in

aluminum and has a high percentage of expandable layers; the other end

reaches the "mineral glauconite" which is high in iron and potassium,

low in aluminum, and has a low percentage of expandable layers.

VenrarroNs rN GLAUcoNTTE STRUCTURE AND
Couposrrror.t wrrn GBor,ocrc TrME

Several writers (Warshaw, 1957, Conway, 1942, and Smulikowski,
1954) have commented on the variations of glauconite composition with
geologic times. Warshaw found no apparent changes. However, both

Conway and Smulikowski noted a potassium "deficiency" in Tertiary

T'r.ern IV. Suuu.tnv ol rnn SrnucruRE AND Col&osrrror on
Gr-eucoNr:rns ol DrllnnpNt Gooroorc Acns

Per cent expandable
layers

Per cent K
No. of

K Anal,
Geologic

age
No. of

samples
Range

Early Paleozoic
Late Paleozoic

and Mesozoic

Cenozoic

l 4

19

< 1 0
-20

< 5-15
10-30

10-40

6 . t  4 .9 -6  9
4 .8  s  3 -6 .2

4 .3  2  . 3 -6 .2

t 1
8

,-25

and Recent glauconites. Table IV is a summary taken from the data in

Table I, of the means and ranges of per cent expandable layers and per

cent potassium for different portions of geologic time. The potassium

analyses are reported only for non-mixed-mineral glauconites. Quite ap-

parent differences in structure and composition occur between Early

Paleozoic (Cambrian through Devonian) and all younger glauconites.

Glauconites younger than Devonian average considerably Iess potassium

and consequently have a more expandable structure. These data sub-

stantiate a potassium "deficiency" in young glauconites. Both Conway

and Smulikowski have proposed explanations for this potassium defi-

ciency. Smulikowski interprets it as the result of changes in the chem-

ical environment of the oceanl Conway further proposes that this dif-

ference in environment is a result of a potassium deficiency in Tertiary

and Recent seas. There is, however, an alternate, simplei, explanation

based on the relationship between glauconite type and lithology of the
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enclosing sediment, pointed out in a previous section. Most Early Paleo-
zoic glauconites that have been sampled occur in orthoquartzites and
normal carbonate rocks; most Mesozoic and younger glauconites occur
in argil laceous sandstones and marls. Hence the structural and composi-
tional relationship with geologic time.

Even though the relationship between glauconite structure and com-
position and lithologic type seems to provide an adequate explanation
for the potassium deficiency in young glauconites, the possibility of epi-
genetic gain of some potassium in Lower Paleozoic glauconites cannot be
excluded. Some data indicate the possibility of epigenetic gain of potas-
sium: (1) Four of the eleven Lower Paleozoic glauconites analyzed
for potassium are higher in potassium than any younger glauconite;
(2) Three Lower Paleozoic glauconiles were sampled from argillaceous

Tnsr.n V. FmqurNcv or Occunnamcn ol Mtxlo-MrNrn.q.r,
Gr-eucoxrrns ns Rpr,,q.mo ro Gnoloorc Acp

Geologic . No. o{ Mixed-
1\o' oI bamPles 

Mineral Glauc.
Frequency

Lithologic
Types

Lower Paleozoic
Upper Paleozoic

and Younger

l4
Z J

1
e

0 .07
0 .3s

arg. ss
4 arg. ss
4 maris

sandstones (sample numbers 14, 16, and 17), and have the least amount
of expandable Iayers (15 per cent) of all glauconites occurring in argilla-
ceous sandstone.

Another interesting mineralogical feature of glauconites is the fre-
quency of occurrence of the "mixed-mineral" type of glauconite pellets
(Burst's type four) in difierent portions of geologic time. Table V is a
summary of the known data from Lower Paleozoic and from Upper
Paleozoic (Mississippian on up) and younger glauconites. The frequency
of occurrence of mixed mineral glauconites in Lower Paleozoic glauco-
nites is strikingly Iower than the frequency in younger glauconites. As-
suming a 12 distribution, this has one degree of freedom and 1::3.94
and a relationship can be rejected at the 0.05 level.

Kaolinite and chlorite appear to be the usual extraneous clay minerals
present in glauconite pellets (Burst, 1958a). However, it is possible that
many glauconites contain illite as a "contaminant." The structure of il-
lite is the same as that of glauconite, hence the detection of illite con-
tamination is diff icult or impossible. It is possible that some "aluminous'i
glauconites with a low per cent of expandable layers are actually illite con-
taminated. On the other hand, it can be pointed out that the relationship
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between the iron and aluminum content of glauconite and the per cent
expandable layers indicates that the efiect of illite contamination, if
any, is masked.

Though the data are limited, it can be seen from Table V that, as with
the variability in per cent expandable layers, the occurrence of mixed-
mineral pellets appears to be related to the lithologic type of the enclosing
sediment. AII the mixed-mineral glauconites occur either in argillaceous
sandstones or marls. No mixed-mineral pellets have been found to occur
in orthoquartzites or normal carbonate rocks. AIso, extraneous clay
minerals occur only in pellets in which the interlayered illite-mont-
morillonite-type structure contains ) 15 per cent expandable layers.
The relationship could be explained in two possible ways: (1) The mixed-
mineral pellets were formed from a different (more heterogenous) source
material from non-mixed-mineral pellets; (2) The extraneous clay min-
erals are eliminated in some manner during the glauconitization process,
leaving a simpler mineralogy. It would also seem likely, because of their
sympathetic variation, that the differences in interlayering and the
presence or absence of extraneous clay minerals have a common cause.

The problem of the variations in the chemical composition and struc-
ture of glauconite pellets with geologic age is a very interesting one,
especially in the light of the fact that the temporal variations are very
similar to the changes that have been found for clay mineral assemblages
in shales. Weaver (1958o) has shown abundant evidence indicating that
a change in the clay mineral composition of shales takes place within
the Mississippian Period. Illite is the dominant clay mineral of pre-
Upper Mississippian sediments. Post-Lower Mississippian clay mineral
assemblages tend to be more complex; illite is Iess abundant and kao-
linite and expandable clays (including mixed-layer illite/montmorillo-
nite) are more abundant.

The relation between the clay mineralogy of glauconite pellets and
geologic age is as follows. The clay mineral assemblages of glauconite
pellets in the Lower Paleozoic are almost always monomineralic inter-
layered illite-montmorillonite structure averaging less than 10 per cent
expandable layers. The mineralogy of Upper Paleozoic and younger
glauconite pellets is more complex in that the pellets frequently contain
extraneous clay minerals and significantly more expandable material
(20-25 per cent). A summary of the comparison of clay mineral suites
and glauconite pellet mineralogy of difierent geologic ages is shown in
Table VI.

Weaver (19586) has shown quite convincingly that the clay mineral
composition of Recent sediments strongly reflects the source material.
He has further argued that this relationship can be applied to all sedi-
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ments since the beginning of the Paleozoic. In other words, he has con-

cluded that clay minerals have a detrital origin and owe little of their

character to diagenetic changes. The chemical changes that Weaver

agrees can take place involve only the interlayer cations and not the

ions present in the basic lattice--those in octahedral and tetrahedral

coordination.
Weaver (19586) has also concluded that source material determines

the mineralogical character of glauconite pellets. It cannot be denied

that the mineralogical character of glauconite pellets reflects, in part,

the source material. For example, it seems quite certain that the tetra-

Teslo VI. Couparrsou or.rnr MrNnnAr.ocy or. Gr,.lucoNrrn PElr,nrs eNo rnt cr,,ly
tt

Abundance of Expandable Material Complexity of Clay Mineral Assemblage

Geologic

Age Clay Mineral
Suites

Glauconite Pellets 
Chyalinsal 

Ghuconite Pellets

Pre-Upper illite the dominant
Mississippian clay;l itt leexpand.

able material

Post-Lorver illite less abundant;
I\Iississippian expandable clays

more abundant

Ave (10lp expandable lay-

ers in interlayered illite,/
montmorillonite

Ave. 2O-257o expandable
layers in inter-layered illite/
montmorillonite

Generally simplc

More complex,
containiug more
kaolinite and ex-
pandable clays

Frequency of occur-
rence of mixed-mineral

lellets 0.07

Frequency of occur-
rence of mixed-mineral
pellets 0.35, kaolinite
and chlorite the ex-
traneous clays

hedral charge and composition of the interlayered illite-montmorillonite

clay in glauconite pellets-that material of which most pellets are exclu-

sively composed-is inherited from the source. However, striking changes

do take place in the basic lattice involving ions in the octahedral layer.

The present writer believes that the evidence given by Burst (1958o,

19530) and in this paper shows that the nature of the interlayered illite-

montmorillonite in glauconite pellets is determined overwhelmingly by

diagenetic changes and the resulting mineralogy reflects little of the

original character of the source material. The conclusions concerning the

reason for the presence or absence of extraneous clay minerals cannot

be stated so strongly. However, since most glauconite pellets (regard-

less of geologic age) are monomineralic it appears quite likely that the

glauconitization process tends to eliminate these clays. Monomineralic

pellets frequently occur in matrix of heterogeneous clay minerals. As

Burst (1958o) has pointed out' "to prescribe . '  . a'detrital 'background

for the argillaceous material in fecal pellets would be to prescribe an

organism which is capable of selecting only single-layer, monoclinic,

dioctahedral crystal fragments from among the innumerable diet possi-
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bilities on the ocean floor." Additional evidence that points to the proba-

bility that extraneous clay minerals are eliminated during glauconitiza-

tion is that extraneous clays occur only in pellets in which the inter-

layered illite/montmorillonite contains Z 15 per cent expandable layers
-those pellets which have undergone the least glauconitization. Of

course, it is possible that both processes have been operative; i.e., younger

sediments have more heterogeneous sources and thus the glauconitiza-

tion process has not been able to eliminate extraneous clay minerals from

pellets as efficiently as in the Lower Paleozoic.

CoNcr-usroNs

To summarize, it seems that glauconitization-which is a diagenetic
process-determines the bulk of the chemical and structural properties

of the clay minerals in glauconite pellets. Glauconitization involves large

chemical changes in the basic lattice and interlayer cations of the pre-

dominant illite/montmorillonite clay that occurs in glauconite pellets

and appears to eliminate extraneous clay minerals. The mineralogy of
glauconite pellets is changed radically from the mineralogy of the source
material. Therefore, since the clay mineralogy of glauconite pellets shows

changes with geologic time that are very similar to those changes ex-

hibited by the clay mineral suites of shales, it is tempting to suggest

that Weaver has not given enough credit to the efiect of diagenesis in

the formation of clay mineral assemblages.
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