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A B S T R A C T  

I-~TERLAYER K in muscovite, biotite, phlogopite, illite and vermiculite-hydrohlotite 
samples was replaced by cation exchange with Na. The rate and amount of exchange 
varied with the mineral and the level of K in solution. 

Essentially, all the K in muscovite, biotite, phlogopite and vermiculite was exchange- 
able when the mass-actlon effect of the replaced I~ was reduced by maintaining a very 
low level of K in solution. The time required for this exchange varied from ~ 10 hr with 
vermiculite to ~ 45 weeks with muscovite. Only 66% of the K in the fllite was exchange. 
able under these conditions. When the replaced K was allowed to accumulate in the 
solution, the amount of exchange was determined by the level of K in solution required 
for equilibrium. These levels decreased with the degree of K-depletion and with the 
selectivity of the mica for K. The order of selectivity was muscovite ~ illite ~ biotite 
phlogopite ~ vermiculite. Decreasing the K in solution from 10 to 7 ppm increased the 
exchangeable K in biotite from 30 to 100~o. A K level of only 0.1 ppm restricted the 
exchange of K in muscovite to 17%. 

A decrease in layer charge was not required for K exchange, but  a decrease did occur 
in K-depleted biotite and vermiculite, l~Iuscovite with the highest layer charge (247 
meq/100 g), least expansion with Na (12.3~), and least sensitivity to solution pH had the 
highest selectivity for K and the slowest rate of exchange. The K in vermiculite was the 
most readily exchangeabIe. 

INTRODUCTION 

THE replacement of interlayer K in micas by other cations occurs with an 
expansion of the mineral lattice and, together, these changes constitute a 
major aspect in mica weathering. Therefore, reference can be made to reviews 
of mineral weathering (Arnold, 1960; Jackson and Sherman, 1953) for a 
general discussion of interlayer K replacement. Various chemical methods 
that have been used in the laboratory to extract interlayer K from micas 
have been discussed by Scott and Reed (1965). 

In a study of cation exchange in micaceous minerals, Barshad (1954) 
extracted K from vermiculite, biotite and muscovite by leaching or boiling 
with neutral salt solutions. With these methods, much of the native K was 
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not replaceable. Nevertheless, he showed that  the replaccability of interlayer 
K is affected by the magnitude of the layer charge, particle size, presence of 
difficultly exchangeable H, nature of the replacing cation and the fixed or 
native character of the K. These factors are still considered of major, impor- 
tance. However, it is now known that  the great selectivity of K-depleted micas 
for K must also be considered. I t  has been established that  very small amounts 
of fixable cations in the extracting solution interfere with the replacement of 
interlayer K or NI-I 4 from contracted layer silicates (Hanway, Scott, and 
Stanford, 1957; Scott, Hunziker, and Hanway, 1960). As a result, solutions 
that  contain sodium tetraphenylboron (NaTPB) have been used to extract 
large amounts of K from micas (Scott and Reed, 1962; Reed and Scott, 1966; 
Smith and Scott, 1966). However, the relationship between the levels of K 
in solution and the exchangeability of interlayer K in various micas has not 
been established. This relationship and the effect of various mineral charac- 
teristics on their selectivity for K are considered in this paper. 

M A T E R I A L S  

Muscovite, biotite, and phlogopite samples from Ontario, Canada, were 
obtained from Ward's Natural Science Establishment. These micas and a 
South Carolina vermiculite-hydrobiotite (trioctahedral vermiculite with 
1 :1  regularly interstratified 10: 14• component) supplied by the Zonolite 
Company were ground in a Christy and Norris hammer mill and dry screened 
to separate the ~ 50/z material. Grundite fllite from the Illinois Clay Products 
Company was dispersed in water without pretreatment, and the ~ 2~ 
fraction was separated by sedimentation. 

Exchangeable K determinations were made by shaking 0.5 g portions of 
the mineral samples in 10 ml 1 N NH40Ac (pH 7.0) or NaC1 (pH 6.2) for 30 
min, filtering and leaching with another 40 ml of the extractant. The amounts 
of K extracted in this manner and the total K values determined with these 
samples are given in Table 1. 

TABLE 1.--TOTAL AND EXCHA~rGE.~BLE K 
CHARACTERIS~CS OF MrNERAL SA~PLES 

m o q  K per  100 g 

Mineral  To ta l  E x c h a n g e a b l e  
sample f__A 

NH4OAc NaC1 

50/~ m u s c o v i t e  222 3 . 8  4 . 7  
50/~ biot i te  199 3 .1  5 . 4  
50 p ph logopi te  195 3 . 9  6 .9  

<~ 50/~ ve rmicu l i t e  56 1 .2  4 . 5  
2/~ illite 123 4 . 8  4 . 8  
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R E S U L T S  AND DISCUSSION 

Equilibrated Systems 
The NH4-exchangeable K values in Table 1 were obtained by leaching 0.5 g 

samples of the minerals with 50 ml NH4OAc. Leaching with additional amounts 
of NH4OAc did not remove more K. Thus, it may be concluded that the 
interlayer K in these minerals was generally inaccessible to exchange with NH 4 
and that these amounts of K were on the external surfaces of the particles. 
The data in Table 1 also show more K was replaced by Na than by NH 4 when 
the same extraction procedure was used. In the case of vermiculite, part of 
this difference can be attributed to K between the layers of the expanded 
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portion of the sample. This K would be accessible to replacement by Na but 
not NH 4 because the lattice would be contracted by adsorbed NH 4. In general, 
however, the greater replacement of K by Na means that Na replaced some 
of the interlayer K from the contracted layer silicates. The extent to which 
this exchange can occur and the limiting conditions involved were therefore 
determined by equilibrating small mica samples with large volumes of NaC1. 

Figure 1 shows the results obtained when 0.1 g and 0.5 g samples of biotite 
were placed in 1 liter of 1 ~ NaC1. These mixtures were shaken continuously 
to hasten equilibration. The amounts of K replaced were calculated by taking 
aliquots of the solutions periodically and determining the amounts of dissolved 
K. Both solutions had a pH of about 6.6 throughout the experiment. The 
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biotite used in this experiment was a 10-20/~ sample that  was separated 
from the < 50/~ material by sedimentation. 

When 0.5 g biotite was placed in 1 liter of 1 ~ NaC1, the Na ions continued 
to replace K until 35% of the total K was replaced. On the other hand, with 
only 0.1 g biotite in this volume of solution, equilibrium was not attained 
until 95% of the K was replaced. In each case, an exchange of Na for K occur- 
red until an equilibrium distribution of these cations between the mica and 
solution was established. To attain this equilibrium K level, however, 
different degrees of K depletion had to occur in the two mica samples because 
different amounts of mica and therefore total K were present. 

These results show that  much more than 5 meq K/100 g biotite (Table 1) 
is readily exchangeable with Na. Actually, all the K in biotite appears to  be 
exchangeable ff the accumulation of replaced K in the extracting solution is 
limited. Otherwise, Na will replace K to a degree that  is determined by the 
level of K-accumulation that  can occur in the particular extraction method 
employed. This effect of fixable cations in the extracting solution and the 
replacement of interlayer cations in contracted layer silicates has been 
emphasized before. This experiment, however, has shown that  it should be 
possible to determine the critical levels of K in solution for various degrees of 
K-depletion by  varying the mica/solution ratio. 

The results in Fig. 1 show that  an appreciable amount of time is required 
for exchange reactions involving the interlayer K in micas. This has been 
observed in non-equilibrium extraction experiments and attributed to the time 
required for Na and K diffusion witlfin the particle (Reed and Scott, 1962). 
In  the present experiment with biotite, equilibration was attained in 5 days. 
Therefore, in subsequent determinations of the critical levels of K in solution 
for different degrees of K exchange by Na, ample time was allowed for 
equilibration. 

Samples of 10-20/z biotite, ptdogopite and vermiculite were placed in 1 
NaC1 (pH 6.2). Samples of 10-20/~ muscovite and < 2/~ illite were placed in 
1 N NaC1-0.01 ~ disodinm dihydrogen EDTA (pH 4.6). The amount of mica 
and volume of solution were varied widely. Each mixture was shaken inter- 
mittently by  hand and the amount of K in solution was determined periodi- 
cally until no change was detected. The mixtures were then allowed to stand 
for an additional period of time before the final equilibrium levels of K in 
solution were determined. The total equilibration time allowed for biotite, 
pMogopite and vermiculite was 4 months; for muscovite and illite, it was 18 
months. 

The data in Figs. 2 and 3 show the extent to which the interlayer K in the 
various micas can be exchanged by Na when the replaced K is allowed to 
accumulate to different levels in the solution. In the case of biotite, only 2.2% 
of the total K was exchangeable with 35 ppm K in solution. When the level 
of K in solution was reduced to 10 ppm the Na-exchangeable K increased to 
30~/o. A further reduction of only 3 ppm in the K level (from 10 to 7 ppm) 
resulted ~ all the interlayer K being exchangeable with Na. 
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This relationship between the equilibrium concentration of K in solution 
and the K content of the biotite differs from that  obtained by Mortland and 
Lawton (1961) with 0.1 ~ NaC1 and previously K-depleted biotite. Lower levels 
of K in solution would be anticipated with a more dilute NaC1 solution. 
Otherwise, the differences must be associated with the effect of their prior 
treatment of the biotite and/or K impurities in the NaC1. 

The micaceous minerals differed markedly in regard to the levels of K 
in solution required for the same degree of interlayer K exchange by Na. 
PMogopite tolerated higher levels of dissolved K than biotite. Vermiculite 
was even less sensitive to the K in solution. On the other hand, much lower 
concentrations of K in solution interfered with the exchange of interlayer K 
in muscovite and illite. The 7 ppm K level that  permitted all the K in biotite 
to be exchanged did not allow any of the interlayer K in muscovite or illite 
to be exchanged. Also, the accumulation of only 0.1 ppm replaced K in the 
1 ~r NaC1-0.01 M EDTA solution limited the exchange of K to 62% and 17% 
in illite and muscovite, respectively. This difference between the dioctahedral 
and trioctahedral minerals would have been even greater ff acidic or neutral 
NaC1 solutions had been used in both eases. This conclusion is based on the 
observation that  fixable cations in an extracting solution have less effect on 
the exchange of interlayer cations when the pH of the solution is decreased 
(Itanway, Scott, and Stanford, 1957). 

In  all cases, the same NaC1 solution was used for the equilibration and the 
standards for the K determinations by  flame emission. Consequently, the 
experimentally determined values for the K in solution (Figs. 2 and 3) are 
actually a measure of replaced K. Reagent grade NaC1 with a K analysis of 
< 0.0005~/o K was selected for these experiments. Thus, there could have 
been as much as 0.3 ppm K in the 1 N NaC1 solutions due to impurities in the 
salt. This amount of dissolved K from impurities was unimportant in the 
biotite, phlogopite and vermiculite experiments. In the case of muscovite and 
illite, however, the tremendous effect of an additional 0.1 ppm K indicates 
that  the background level of K from impurities could be involved in the 
limited exchange observed. Also, it  is now evident from the muscovite and 
illite data why NaC1, which frequently contains 0.005~ K (3 ppm K in a 1 N 
NaC1 solution), can be ineffective in replacing K from these minerals. 

The micaceons minerals exhibited a strong preference for K over Na when 
they were equilibrated with NaC1 solutions. This preference for K can be 
expressed in terms of a selectivity coefficient. Following the notation of 

Helfferich (1962, p. 153), the selectivity coefficients ( k Ka)  for these ion 

exchange equilibria were greater than 1. The magnitude of these coefficients, 
however, varied with the degree of K-depletion in the mineral. Therefore, to 

compare the minerals, values of k Nl%a were calculated for each mineral at  15% 

K-depletion. These values ranged in order of magnitude from 108 for ver- 
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miculite to 106 for muscovite. These values are quite different from those 
reported for the exchange of K (by Na or Ca) from external surfaces and 
possibly interlayer positions at the periphery of mica particles (Bolt, Sumner, 
and Kamphorst,  1963; Rich and Black, 1964; Marshall and MeDowell, 1965). 

~on-equilibrium Extractions 
I t  was concluded from the equilibrium experiments that  differences between 

the micas in regard to the exchangeability of their interlayer K may be ob- 
served because of K in the solution. Therefore, this effect of dissolved K must 
be reduced to a minimum before the micas can be compared further. This can 
be done by precipitating the replaced K with sodium tetraphenylboron 
(NaTPB) in the extracting solution. 

Methods of extracting the interlayer K from various micas with NaC1- 
NaTPB solutions have been developed (Scott and Reed, 1962; Reed and Scott, 
1966; Smith and Scott, 1966). These methods were used to determine the 
exchangeability of the interlayer K in the 5 micas. The vermiculite, biotite and 
phlogopite experiments were carried out with 0.5 g samples of ~ 50/z 
material in 10 ml of 1 ~ NaC1-0.2 N NaTPB-0.01 M EDTA, whereas com- 
parable samples of ~ 50/~ muscovite and ~ 2 ~ illite were placed in 10 ml 
1.7 N NaC1-0.3 N NaTPB-0.01 M EDTA. The pH of these solutions increased 
from 5.7 to 6.8 during the first 7 days of contact and was constant thereafter. 
The amounts of K replaced by Na in different periods of time are shown in 
Fig. 4. 
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FIa. 4. K extracted from <: 2/z illlte and  ~ 50/z vermiculite, phlogopite, biotite 
and  muscovite  samples in NaCI-NaTPB solutions. 
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The solubility of KTPB in water is known to be 18 • 10 -5 moles per liter 
(Flaschka and Barnard, 1960, p. 10), but  the concentration of K in the 
extracting solutions used in this experiment can only be estimated because 
TPB decomposes, and NaC1 affects the solubility of NaTPB. According to 
this estimate, there was ~ 0.005 ppm K in solution. Despite this very low K 
level, differences between the minerals in regard to the rate and amount of K 
replaced by Na are evident in Fig. 4. This means the interlayer K in the 
various minerals is not equally exchangeable when the interfering effects of K 
in solution are eliminated. In the case of vermiculite, only 1 min was required 
for the exchange of 42% of the K and 0.5 hr for more than 90%. With 
phlogopite, biotite and muscovite, 90% of the K was replaced in 1.5, 3 and 
315 days, respectively. Because ~ 50 ~ samples with similar particle size 
distribution were used in each case, these differences must be associated with 
inherent characteristics of the minerals. 

The results obtained with illite were quite different. There was a rapid 
exchange of part  of the interlayer K despite the strong selectivity for K 
exhibited by this mineral (Fig. 3). This difference can be attributed to the 
smaller particle size ( ~  2/~) of the fllite. A major difference between the illite 
and other minerals, however, is the fact that  only 66% of the K is exchange- 
able. The reason for the rest of the K not being exchangeable has not been 
fully explained, but  it cannot be attributed to the presence of high charge 
density muscovite-like layers. Instead, there are indications that  other inter- 
layer materials make the rest of the K inaccessible to exchange (Smith and 
Scott, 1966). 

Basal Spacing and Layer Charge 
The basal spacing and the layer charge of the various micaceous minerals 

were determined before and after K-depletion with NaC1-NaTPB solutions. 
The basal spacings were determined with oriented aggregates of wet Na- 
saturated samples on porous plates. The degraded samples were diluted with 
NaC1-NaTPB solution and deposited on the porous plate without removing 
the KTPB.  The readsorption of K and associated lattice changes are avoided 
by this procedure (Scott and Reed, 1965). The layer charge of the minerals 
was calculated by summing the total K and Na values determined with Na- 
saturated samples. The degraded samples were analyzed after the KTPB was 
removed by leaching the mineral with a 0.5 N NaC1-60% acetone-water 
solution. 

When the interlayer K in muscovite was replaced by Na, the lattice 
expanded to 12.3 ~- (Table 2). Under the same conditions the trioctahedral 
micas expanded to 15.0A. This difference can be attributed to the higher 
layer charge of the muscovite. As a result, however, there was much less inter- 
layer space available for ion diffusion in the particles during the degradation 
period, and a much slower rate of K-depletion was observed. Par t  of the il]ite 
expanded to 12.3/~, part  to 15.0A. Thus, this sample must contain layers with 
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a high charge like muscovite and others with a low enough charge to permit 
more expansion with Na. There was no evidence of a 10]r spacing in the Na- 
degraded illite, even though 34~/0 of the K was still present. Therefore, the 
remaining K must  have been in 104  layers with random location, or in 
expanded layers with other interlayer materials tha t  block its accessibility to 
exchange. 

TABLE 2.--EFFECT OF IVIAXIMU~ K-DEPLETION ON THE BASAL SPACING 
AND LAYER CHARGE OF I~ICAS 

Layer charge (meq/100 g)* 
Mineral Maximum basal �9 
sample spacing {/~) Original Degraded 

< 50 /~ muscovite 12.3 247 246 
50/~ biotite 15.0 224 184 
50 ~ phlogopit~ 15.0 211 208 
50/~ vermiculite 15.0 194 163 
2/~ illite 12.3/15.0 156 156 

*ll0~ oven-dry basis. 

The layer charge of muscovite, phlogopite and illite did not change with 
K-depletion. Therefore, it may  be concluded that  a decrease in layer charge is 
not required for the exchange of interlayer K by l~a, even when the charge is 
as high as 247 meq/100 g. However, a comparison of the results obtained with 
phlogopite and muscovite suggests that  a lower ckarge does contribute to 
greater expansion and more rapid K replacement. 

A decrease in layer charge occurred when biotite and vermiculite were K- 
depleted. In  the case of vermiculite, the changes in K content and layer charge 
occurred so rapidly it was not possible to determine their relationship. With 
biotite, however, it has been found tha t  the change in layer charge occurs after 
the mineral is K-depleted. Therefore, the K release behavior of biotite should 
be determined by the original layer charge of the mineral. As a result, biotite 
exhibits a slightly greater selectivity for K and a slower rate of K release than 
phlogopite. The lower layer charge of vermiculite, and possibly the very rapid 
decrease in charge that  occurs with K-depletion is responsible for the faster 
release of interlayer K from this mineral. 

The layer charge values for degraded micas in Table 2 are the minimum 
values observed with these minerals. Na-degraded muscovite with < 10 meq 
K/100 g has retained a charge of 247 meq/100 g for a period of 6 years in a 
neutral NaCI-I~aTPB solution. Also, after an initial decrease to 184 meq/100 g 
during the first 14 days, the layer charge of biotite has been constant for 5 
years. 

pH Effect 
The data in Fig. 4, showing the exchangeability of the interlayer K in 

micas, were determined with NaC1-NaTPB solutions that  increased in p H  
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from 5.7 to 6.8 during the degradation period. These results have been attri- 
buted to the exchange of Na for K, even though the solution was slighty 
acidic during the initial stages of K-depletion. However, Tucker (1964) has 
concluded tha t  the displacement of interlayer K from soil illite even in neutral 
solutions involves the combined action of H and the replacing cation. There- 
fore, the effect of H ions on the exchange of interlayer K in micas by  Na was 
determined. To do so, 0.5 g samples of the micas were placed in 10 ml of 2 N 
Na-0.3 N NaTPB-0.01 M EDTA solutions tha t  were buffered a t  p H  4.6, 
7.2, and 9.2 by  adding the Na as 1.9 N NaC1-0.1 ~ NaOAc, 1.7 ~ NaC1-0.3 
NaH2PO 4 and 1.9 ~ NaCI-0.05 N Na2B407, respectively. The amounts of K 
extracted by these solutions in selected periods are shown in Table 3. 

T A B ~  3 . - - K  E X A C T E D  FROM MICAS IN 2 Na-0.3N NaTPB-0 .01M 
E D T A  So~r~XONS BU~rFE~ED AT DI~FF~ENT p H  LEVET.S 

K replaced (%) 
Mineral Contact r ^ "~ 
sample time(hr) pH4.6 pH7.2 pH9.2 

50/J muscovite 24 11.5 9.6 9.0 
,~ 50/~ biotite 3 55.3 29.7 21.8 
<~ 50/~ phlogopito 3 63.1 45.0 38.3 
-~ 50 # vermiculite 0.1 58.1 49.2 44.6 
-~ 2/~ illito 0.5 44.9 43.6 41.8 

The contact periods for this experiment were generally selected to cover a 
period of rapid change in the K content of the minerals. In  the case of mus- 
covite, however, the contact period was limited to 24 hr because the p H  of the 
NaOAe solution had increased to 5.0. This increase in the p H  of acidic NaTPB 
solutions is related to the instability of TPB in an acid medium and possibly a 
reaction between TPB and H ions (Flaschka and Barnard, 1960). The rate of 
p H  increase varies, but  it occurs whether mica is present or not. Therefore, 
the increase observed with NaOAc solutions and probably the increase from 
5.7 to 6.8 in the p H  of the usual NaC1-NaTPB extractant  should not be 
interpreted as a result of H exchange for K. I t  has not been possible to 
maintain the pH of NaTPB solutions near 4.6 for longer periods by  adding 
more buffer. Therefore, longer extraction periods with acidic NaTPB solutions 
do not appear feasible. On the other hand, the p H  of the solutions buffered a t  
7 and 9 did not change for several months. 

There was an appreciable effect of the solution p H  on the amount  of K 
extracted from the trioctahedral minerals. By comparison, the effect on the 
dioctahedral minerals was small. However, these data show that  the effect of 
the H ions even in neutral extracting solutions must  be considered. The results 
obtained a t  pH 9.2 suggest tha t  H ions are not essential for the replacement of 
interlayer K by  Na. 
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The reason for this effect of the solution pH is not evident from the results 
of this experiment. However, the results do show that  the effect is greater in 
the micas with the most octahedral Mg. Since this octahedral Mg is more 
susceptible to dissolution than Al and the reactions involving the release of 
octahedral cations are pH dependent (Marshall, 1964, p. 77), it is possible 
that the differences observed in Table 3 are due to a differential destruction of 
the micas. On the other hand, Tucker (1964) has suggested that  the replacement 
of some K by H makes the rest of the interlayer K more accessible to exchange 
by other cations. This effect was attributed to a change in lattice charge 
distribution that  occurs when H80 ions replace the K. In the present experi- 
ment, there was no evidence of a decrease in the layer charge of phiogopite at  
any of the pH levels used. Also, in the equilibration experiments with mica 
samples in unbuffered NaC1 solutions, the solution pH did not increase (from 
6.6) as would be expected if an exchange of H for K occurred. 

C O N C L U S I O N S  

More than 90% of the K in muscovite, biotite and phlogopite is exchange- 
able with Na. This should also be the case with many of the mixed layer 
mieaceous minerals. The exchange of all the K in vermiculite-hydrobiotite 
bears this out. However, the exchange of only 66 % of the K in illite shows 
that some of the K in less well-crystallized micas can be inaccessible to 
exchange. 

The observation that  interlayer K in micas is easily exchanged by Na 
emphasizes the need for careful selection and description of the method used 
in exchangeable K determinations. NH 4 can be used to replace the K held on 
external surfaces of contracted mica particles, but  interlayer K in an expanded 
component of the sample may be trapped and not replaced by the NH 4 ions. 
On the other hand, if Na is used, variable amounts of interlayer K in the 
contracted mica may be removed along with that  in the expanded mineral. 
The extent to which this occurs will depend upon the level of K in the 
solution from impurities or replaced K and the extraction time involved in 
the method. Consequently, the portion of the total K extracted by Na can 
vary greatly. 

The rate of exchange of interlayer K in micas is much slower than that  
usually encountered in exchange reactions. Also, the differences between the 
minerals in regard to rate can be very large as shown by the 0.5-hr and 45-week 
periods required for 90~o exchange in ~ 50 ~ vermiculite and muscovite, 
respectively. These rate differences are probably due to differences in the 
mlneral selectivity for K, maximum basal spacing, layer charge, etc. 

There is a considerable difference in the micas in regard to the levels of K in 
solution that  limit K release. On the basis of these levels, the resistance of 
these minerals to weathering by  K-depletion should follow the sequence: 
muscovite ~ illite > biotite > phlogopite > vermiculite (hydrobiotite). Also, 
the very low levels of dissolved K required for K release by muscovite and 
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i l l i te  show w h y  mos t  of  the  K in these  minera ls  is r e l a t ive ly  unava i l ab le  to  
p lants .  

The se lec t iv i ty  of  the  micas for K increased wi th  the  degree of  K deplet ion.  
This increase was pa r t i cu l a r ly  ev ident  as  the  exchange progressed from the  K 
on the  ou te r  surfaces to  the  in te r l ayer  K a t  the  pe r iphery  of  the  part ic les .  
However ,  the  cont inuous  na tu r e  of  th is  re la t ionship  does no t  lead  to  a dis- 
t inc t ion  of  discrete f ract ions  of  K t h a t  are  held  wi th  different  specificity. The 
des ignat ion  of  specific f ract ions of  the  K in these minera ls  as being more  or 
less easi ly exchanged  is therefore  more  a resul t  of  the  method .  

Even  in the  absence of  interferences from K in solut ion the  N a - K  exchange 
character is t ics  of  the  var ious  micas are  qui te  different.  These differences can 
be re la ted  to the i r  l ayer  charge, the  occurrence and  ra te  of  charge changes, 
m a x i m u m  expans ion  wi th  K-dep le t ion  and  even the i r  response to changes in 
solut ion pH.  However ,  w h y  muscovi te  has  the  grea tes t  specifici ty for K,  leas t  
expansion,  least  response to  H ions and  the  slowest ra te  of  K-exchange  is s t i l l  
uncer ta in .  The  effect of  e m p t y  ca t ion  posi t ions  suggested b y  Ba r sha d  (1954) 
m a y  be involved.  Also, the  d i s t inc t  difference be tween the  d ioc tahedra l  and  
t r ioc tahedra l  minera ls  in the i r  specif ici ty for K is consis tent  wi th  Basse t t ' s  
(1960) suggest ion t h a t  differences in h y d r o x y l  or ien ta t ion  are  a m a j o r  factor .  
Nevertheless ,  in th is  invest igat ion,  the  ini t ia l  layer  charge was a good index 
of  the  ease wi th  which the  K in these  micas can be exchanged.  
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