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Abstract-Electron probe micro-analysis studies on individual particles (40-60 mesh) of weathered 
micas treated with solutions containing equivalent amounts of Rb and Sr showed partial segregation 
of these elements. Rb was concentrated at particle and step edges, at cracks, and, in the case of 
partially K-depleted biotite, at boundaries of vermiculite and mica zones ("wedge zones"). The 
scarcity of wedge zones in mica from which nearly all of the K had been removed reduced the overall 
selectivity for Rb. The restricted exchange of interlayer Mg ions from vermiculite-like zones by a 
mixed Rb-Sr solution was observed in earlier studies with these micas. The proposed explanation for 
these results was a closing down of the interiayer space at the edge of the particle due to Rb concentra
tion in these positions. This explanation is confirmed by the present study. 

INTRODUCTION 
CATION selectivity studies of micas are complicat
ed by changes in the interlayer spacing during the 
course of selectivity measurement (Reichenbach, 
1968; Ie Roux and Rich, 1969). This behavior 
exemplifies exchange system with phase transition 
(Helft'erich, 1962). The replacement of large 
hydrated cations in vermiculite by smaller cations 
is particularly difficult. Walker (1963) proposed 
that trapping of the larger ions is caused by the 
contraction of the interlayer space at the crystal 
edges by the smaller ions. 

Le Roux and Rich (1969) studied muscovite 
and biotite samples (5-20JL) that were artificially 
depleted of K to varying degrees and, after Mg 
saturation, were repeatedly treated with a mixed 
Rb-Sr solution. The initial Rb-Sr treatments 
removed a portion of the interlayer Mg, and both 
Rb and Sr entered the altered mica. In subsequent 
treatments Rb continued to exchange Mg but the 
Sr concentration within the particle did not increase. 
It was postulated that Rb, because of its low affinity 
for H20 and because of its concentration at the 
interlayer edges, caused an expulsion of H 20 and 
a closing down of the interlayer space at the 
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particle edges. Thus, entry of the relatively large 
hydrated Sr ions was restricted, Rb, on the other 
hand, continued to diffuse into the interlayer 
space, replacing Mg, but at an ever-decreasing 
rate. In the present study this hypothetical model 
of ion segregation was tested with the electron 
microprobe. 

Previous microprobe studies of cation exchange 
in micas have been made by Rausell-Colom et al. 
(1965), who examined the diffusion of Ca into a 
biotite flake. They made scans across the optical 
boundary which indicated the extent of the ex
change process. The gradual but complete change 
from K to Ca in the interlayer space occurred 
over a distance of about 60JL perpendicular to the 
flake edge and about 10JL beyond the optical 
boundary, An inflection in the composition
distance curve for both K and Ca occurred at 
about 40JL; it was noted in several scans across 
the exchange front. 

Hill and Sawhney (1969) treated small blocks of 
soil with Cs and studied thin sections of the treated 
specimens with the electron probe. Cs was found 
to concentrate in zones of clay accumulation and 
in weathered mica grains. 

MATERIALS AND METHODS 

Preparation of samples 
Portions of hand specimens of muscovite and 

biotite from Amelia, Virginia, were wet-ground and 
screened. Particles that passed a 40 mesh, but not 
a 60 mesh, screen were used in the present study. 
Particles of this size (250-420JL) were chosen, 
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rather than the 5-201£ size used in the study of 
Ie Roux and Rich (1969), in order to improve the 
possibility of detecting ion segregation by means of 
the electron probe. 

Chemical treatment 
Because muscovite has much greater retentivity 

than biotite for K, the two minerals were treated 
differently to exchange K. In the case of muscovite 
(Ml) a 250 mg sample was placed in a 4-1. Nalgene 
bottle and 3000 ml of 0·1 N BaCI2 was added. The 
bottle was placed in an autoclave at 120°C for 
approximately 24 hr. After cooling the system 
and decanting the solution phase, the treatment was 
repeated 15 times. This method has been shown to 
be effective for exchanging most of the K from 
silt-size muscovite particles (Reichenbach and 
Rich, 1968). Following this treatment, the samples 
were autoclaved six times at 120°C in 0·1 N MgCi2 

to exchange Mg for Ba ions. Analysis of the solu
tion after the sixth treatment did not indicate the 
presence of Ba. 

In the case of biotite (B 1), a 100 mg sample was 
boiled in 800 ml of 0·1 N BaCl2 for I hr. A second 
biotite sample (B2) was given autoclave treatment 
similar to that given M I except that only three 
BaCI2 treatments were given. Both samples were 
washed with 0·1 N MgCl2 until no Ba was detected 
in the wash solution. 

The Rb-Sr selectivity study was similar to that 
reported by Ie Roux and Rich (1969). Samples 
weighing 50 mg were placed in centrifuge tubes 
and 10 ml of a solution of 0·OO2N RbCl and 0·OO2N 
SrCl2 was added. These tubes were shaken for 
10 min and then centrifuged. The supernatant 
solution was removed, and the washing procedure 
was repeated for a total of 10 extractions. Each 
extract was analyzed for Rb and Sr. After washing 
excess salts from the samples, sub-samples were 
dissolved in HF-HCIO. (Jackson, 1958) and 
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analyzed for Rb, Sr, and K using a Model 303 
Perkin-Elmer atomic absorption instrument. 

Electron microprobe techniques 
Individual grains of the treated mica samples 

were mounted on fused silica disks on which a 
thin collodion film has just been applied. The 
grains were then coated with carbon by vacuum 
deposition to make them conducting. An ARL-SM 
electron microprobe, operated at 15 kV and 
0'25JLA, was used to obtain elemental analyses 
along traverses across the particles. The sulfates 
of Ba, Rb, and Sr were used as standards for these 
elements, synthetic CaMgSi2 0 6 was used for Mg, 
and (Na'65K.35)AISi30s for K. X-ray scanning 
images of the distribution of individual elements 
within the particles were recorded photographically 
from an oscilloscope. 

The high take-off angle (52'5°) of the ARL-SM 
microprobe helps to minimize irregular absorption 
effects caused by imperfect cleavage surfaces on 
the mica particles. Only at edges and cracks are 
the surface features likely to affect the X-ray inten
sities. The scanning profiles show that these 
effects were not significant. 

RESULTS AND DISCUSSION 

Rb and Sr uptake by K-depleted micas 
Analyses of the Rb-Sr solutions used to treat 

the K-depleted and Mg-saturated mica samples 
(Fig. I) show that more Rb than Sr was removed 
from the solutions by the samples. Moreover, 
after the fifth sequential treatment, there was no 
further depletion of Sr by the altered mica, whereas 
Rb continued to be taken up, but at a diminishing 
rate. These results agree with those reported by 
Ie Roux and Rich (1969) on smaller particles. Work 
with other altered biotite samples showed that 
an amount of Mg equivalent to the Rb entering 
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Fig. 1. Uptake of Rb and Sr by partially K depleted muscovite (M\) and biotite (B I, B2) based on Rb-Sr depletion from 
solution. 
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(a) 

Fig. 2. A muscovite particle (M 1) after partial K depletion and Rb-Sr treatment. (a)- Photomicrograph with trans
mitted light. The arrow indicates the traverse recorded in Fig. 3; (b) and (c)- Microprobe X-ray images of the distribu

tions of K and Rb. respectively . in the same particle. The scale indicates lOO/L. 
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(a) 

Fig. 4. A biotite particle (8 I) after partial K depletion and Rb-Sr treatment. (a)- Photomicrograph with 
transmitted light. The arrow indicates the traverse recorded in Fig. 5; (b) and (c)-Microprobe X-ray 
images of the distributions of K and Rb. respectively. in the same particle. The scale indicates lOO~. 
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Fig. 6. A biotite particle (82) after nearly complete K removal and treatment with Rb-Sr. 
(a) - Photomicrograph with transmitted light. The arrow indicates the traverse recorded in Fig. 
7. (b)-Microprobe X-ray images of the distribution of Rb in the same particle. The scale 

indicates 100J.i. 
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the particle was being removed from the sample 
after the Sr concentration came to equilibrium. 

Atomic absorption analyses of the mica sample 
before K depletion (MO and BO) and after K 
depletion and treatment with the Rb-Sr solution 
(M 1, B 1, and B2) (Table 1) support the results of 
the solution analyses. The summation of K + Rb ; 
Sr suggests that there was imcomplete exchange 
of Ba or Mg from the samples by the Rb-Sr solu
tion. This was confirmed by the electron probe 
analyses for Ba and Mg. Furthermore, chemical 
analyses of similarly altered samples from the 
5-20JL fraction show that there was no loss in 
charge (Le Roux and Rich , 1969; Reichenbach 
and Rich, \968). 

Electron microprobe and optical microscope 
studies 

A transmitted light photomicrograph of the M \ 
flake after electron probe analysis is presented in 
Fig. 2(a). The traverse marked by an arrow is one 
for which analyses are reported in Fig. 3. Although 
this particle had much more extensive treatment 
than the biotite samples , there is little physical 
evidence of alteration. 

c d 
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Fig. 3. Electron microprobe analyses along a traverse 
in muscovite (M 1) and a profile of the surface topography 
along this traverse obtained by observing the particle 

with reflected light. 

A sketch of the surface topography along the 
traverse is presented at the top of Fig. 3. The loss 
of K from the particle edges (a and f) and from 
edges at steps (c and d) and cracks (b and e) is 
shown by the traverse and the whole particle scan 
(Fig. 2(b). The distribution of Rb in the same 
particle is shown in Fig. 2(c). About the same level 
of background "noise" is indicated in the particle 
away from edges and steps as from the slide itself. 
A significant proportion of the Ba remained largely 
in the edges and steps of the particle, but a small 
amount was observed in the entire traverse. This 
emphasizes that analysis of extracts is not an 
accurate method for showing completeness of 
exchange of Ba in muscovite; analysis of the sample 
itself is required. The entry of Ba through surface 
imperfections is also suggested. This supports the 
findings of Raman and] ackson (1964) who showed 
that scrolls formed from surface layers. Our own 
electron microscopic observations of carbon
platinum replicas of surfaces of the altered micas 
examined in this study confirm the presence of 
these features. Scrolls apparently develop at abut
ments of individual domains of different crystallo
graphic orientation (Sunagawa, 1964). 

Diffusion of ions may have been more limited at 
the two cracks than at the edges, so exchange of 
Mg as well as Rb and Sr was restricted. Shallow 
cracks may expose relatively few layers to ex
change, and, if only layers near the surface are 
exchanged, the effect is to lower the X-ray intensity 
for the exchange element relative to an "infinitely 
thick" sample. 

The limited K depletion restricted major ex
change to relatively narrow peripheral zones. This 
together with the low uptake of Sr reduced the 
possibility of detecting segregation of Rb and Sr 
within the particles. 

Potassium was more easily removed from the 
biotite than from the muscovite particles. In the 
case of B 1, 40·5 per cent of the original K was 
removed in the course of weathering by exchange. 
A single flake from this sample (Fig. 4(a» has 
light scallop-like figures near edges that are 
probably wrinkles similar to those observed by 
Rausell-Colom et al. (1965) in partially altered 
micas. The heavier curved lines on the lower 
surface probably delineate the collodion-particle 
interface. 

Continuous microprobe analyses (Fig. 5) were 
made along the traverse indicated in Fig. 4(a). 
Microprobe X-ray images of the distribution of K 
and Rb in the same particle are shown in Fig. 4(b 
and c), respectively. Potassium was removed from 
the particle edges (a and f) and step edges (b, 
e, d, and e, Fig. 5). A section, left of center and 
about 90JL wide, contained about 3 per cent K. 
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particle contained approximately 3·5 per cent Mg, 
most of which is assumed to be in octahedral 
positions. An elemental analysis of the untreated 
biotite sample by atomic absorption indicated 
3·58 per cent Mg. A portion of the Mg remained in 
interlayer positions. The incomplete exchange is 
indicated by the peaks which are located some 
distance from edges. One would expect this distri
bution because interlayer Mg ions would be remov
ed first from the edges of the particle. 

Fig. 5. Electron microprobe analyses along a traverse 
in biotite (B I) and a profile of the surface topography 
along this traverse obtained by observing the particle 

The profiles of Rb and Sr are of particular 
interest, since they demonstrate that Rb was con
centrated at edges as well as near the front where 
the exchange of K by Ba and Mg had last been 
most active. "Wedge zones" probably occur at 
this exchange front (Rich and Black, 1964). 
Examples of accumulation of Rb at wedge zones 
are the Rb peaks at about 20 and 250/-L. Partial 
segregation of Rb and Sr is evident. Although Rb 
was concentrated at edge and wedge zones, this 
element was present in all portions of the surface 
of the particle (Figs. 4(c) and 5). Entry of cations 
through minute surface cracks and steps as well 
as through the major edges is thus indicated. Con
centration of Rb ions at the edges, as postulated to 
explain the trapping of divalent ions within the 
particle, is therefore confirmed. A secondary 
concentration of Rb in the wedge zones is also 
evidence that supports the theory that wedge 
zones are sites for high selectivity of Rb, K, and 
other large monovalent ions. with reflected light. 

This may represent a zone of interstratified mica 
and vermiculite layers or a limited number of 
surface layers from which all of the K had been 
removed. 

According to the probe analysis, the biotite 

The biotite particle from sample B2 that was 
examined is shown in Fig. 6(a). The distribution of 
Rb in the particle is indicated in Fig. 6(b). Although 
all but 6·5 of 229 m-equiv./lOOg of K had been 
removed from the biotite in preparing sample B2 
(Table I), only 48·7 m-equiv./lOOg of Rb and Sr 

Table I. Effect of K-depletion of muscovite and biotite on subsequent selectivity of Rb and Sf ions as deter
mined by atomic absorption analysis after dissolution of micas in HClO.-HF 

K Rb Sr ~K+Rb+Sr 
Sample 

m-equiv./iOOg Wt.% m-equiv./IOOg Wt.% m-equiv./IOOg Wt.% 
Rb/Sr 

m-equiv'/IOOg 

Muscovite 
MO 245 9·58 0·0 0·0 0·0 0·0 245·0 
MI 203·4 7·9 14·8 1·3 2·3 0·1 6·4 220·5 

Biotite 
BO 229 8·96 0·0 0·0 0·0 0·0 229·0 
BI 126·2 4·9 42·3 3-7 6·8 0·3 6·2 176·3 
B2 6·5 0·25 39·5 3-4 9·2 0·4 4·3 55·2 

*MO and BO are samples of the 40-60 mesh muscovite and biotite, respectively, prior to any cation ex
change treatment. The structural formula for MO is (KO'99Nao·o,)(All'77Feo.IOTio,o4Mgo.lo)(Si3'0.,Alo'95)OlO(OH)2 
and for BO: (Ko'84Na".o5Cao'''7)(Alo42Fe';'34Fe~''5Mgo'65Ti",")(Si2'HsAlj.j5)Ojo(OHlz. Treatments for M I, B I, and 
B2 are described in the text. 
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Fig. 7. Electron microprobe analyses along a traverse in bio
tite (B2) and a profile of the surface topography along this 
traverse obtained by observing the particle with reflected light. 

was taken up. That considerable Mg was trapped 
within one of the particles from B2 is confirmed 
by the Mg analysis along the traverse indicated 
in Fig. 7. If one assumes an average of 6 per cent 
Mg, this is 2·5 per cent Mg (or 205 m-equiv./I OOg) 
in excess of that in the octahedral layer. Rb was 
concentrated at the edges of the particle (a and g) 
and at edges of the steps (b, c, d, e, and!, Fig. 7). 
Since no K was detected by the electron probe, the 
small amount of K indicated to be present (Table I) 
was probably too scattered or was buried too 
deeply for detection. The number of wedge sites 
would be expected to be much less abundant than 
in the particle from B 1. This is borne out by the 
Rb distribution. Rb was concentrated only at 
edges. Although 0·4 per cent Sr was present in the 
bulk sample (Table 1), it was not detected by 
electron probe analysis. The nearness in wave
length of a SiK/3 satellite peak (see Fig. I, Smith 
and Ribbe, 1966) and the small amount of Sr 
present made the analysis of this element difficult. 
The probable more even distribution of Sr within 
the particle compared to the one from B 1 contribut
ed to the difficulty with the analysis of this element 
in B2. Variation of Sr content between particles 
and location within individual particles also may be 
contributing factors. 

The 8·0 per cent Rb at the maxima is equivalent 
to 3·8 per cent K, considerably less than the 8·96 
per cent K in the original biotite. This suggests that 

CCM Vol. 18 No. 6-C 

all interlayer positions in the closed zones need not 
be free of divalent ions for closure to occur. The 
degree of interlayer expansion depends on the 
equilibrium of two opposing forces. The affinity 
of certain cations for water molecules tends to 
cause a separation of the silicate layers, whereas 
the electrostatic attraction between the interlayer 
cations and the negatively charged silicate layers 
tends to bring the layers together (Kittrick, 1966). 
For a given cation system, expansion of minerals 
within the vermiculite and smectite groups 
decreases with the specific negative charge. The 
expanded micas studied here have a very high 
charge and thus collapse would occur with only 
partial saturation of exchange sites with Rb. A 
small X-ray diffraction peak at 1O·4A from the 
Rb-Sr treated particle examined here supports 
the conclusion that the interlayer space at edges 
collapsed. No peak in this region was found in the 
portion of the Mg-saturated sample that had not 
been treated with the Rb-Sr solution. It is evident 
that changes in the interlayer space and other 
aspects of the micromorphology of weathered 
micas have much to do with ion selectivity by these 
minerals. 
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Resume-Des etudes d'analyses par microsonde electronique sur des particules individuelies (40-60 
mesh) de micas alteres a l'air, traitees avec des solutions contenant des quantites equivalentes de 
Rb et Sr, ont montre une segregation partielie de ces elements. Rb etait concentre aux bords de la 
particule et de la couche, aux cassures et, dans Ie cas de biotite deficiente en K, aux limites de vermi
culite et de mica (zones intercalaires "wedge"). La rarete des zones "wedge" dans Ie mica qui a pres
que totalement perdu K, reduit la selectivite d'ensemble pour Rb. L'echange restreint des ions Mg 
entre les couches a partir des zones comme la vermiculite par une solution mixte Rb-Sr a ete observe 
au cours d'etudes anterieures sur ces micas. L'explication proposee pour ces resultats etait une fer
meture de l'espace entre les couches au bord de la particule dli it la concentration Rb dans ces posi
tions. Cette explication est confirmee par l'etude actuelle. 

Kurzreferat- Elektronenmikroskopische Studien von Einzelteilchen (Siebfeinheit 40-60) verwitterter 
Glimmer, die mit aquivalente Mengen von Rb und Sr enthaltenden Uisungen behandelt wurden, 
zeigten eine teilweise Abscheidung dieser Elemente. Das Rb war konzentriert an Teilchen- und 
Stufenkanten, an Rissen, und, im Fall von teilweise an Kalium verarmtem Biotit, an den Grenzen von 
Vermiculit- und Glimmerzonen ("Keilzonen"). Der Mangel an Keilzonen im Glimmer aus welchem 
beinahe das gesamte K entfemt worden war, verminderte die Gesamtselektivitat flir Rb. Der bes
chrankte Austausch von Zwischenschicht-Mg-Ionen aus vermiculitartigen Zonen durch eine gem
ischte Rb-Sr Losung wurde bereits in friiheren Arbeiten mit diesen Glimmem beobachtet. Die vor
geschlagene Erklarung dieser Ergebnisse war die Schliessung des Zwischenschichtraumes an der 
Teilchenkante infolge einer Konzentration von Rb in diesen Stellungen. Diese Erklarung wird 
durch die gegenwartige Arbeit bekraftigt. 

PellOMe - 111Y'leHHe c nOMomblO :)JIeKTpOHHoro MHKp030HAa OTAeJlhHbIX 'IaCTH~ (40-60 Mew) 
BhlBeTpeJlblX CJlIO,Z:(, o6pa6oTaHHblx pacTBopaMH, co,Z:(eplKalIl,HMH 3KBHBaJIeHTHhle KOJlH'IeCTBa Rb H 
Sr, 06HapYlKHJlO 'IaCTH'IHOe o6oco6J1eHHe 3THX 3J1eMeHToB. Rb KOHl(eHTpHpOBaJlCR Ha rpaHRx 'IaCTHl( 
H cTyneHeH pocTa, B TpeIIl,HHKaX, a B 6HoTHTe C Aeqml(HTOM KaJIHR - Ha rpaHHl(aX BepMHKYJlHTOBbIX 
H CJlIO,Z:(RHhIX 30H (<<BKJlHHeHHhIe» 30HbI). O'leHh He3Ha'lHTeJlhHOe KOJlH'IeCTBO no,Z:(06HbIX 30H B 
CJlIO,Z:(e, H3 KOTOPOH YAaJIeHbI nO'ITH Bce HOHbl K, nOHHlKaeT o61Il,ylO CeJleKTHBHOCTh B OTHOIlIeHHH Rb. 
OrpaHH'IeHHbIH 06MeH MelKCJlOeBbIX HOHOB Mg BepMHKYJlHTonOAo6HhIX 30H rrpH o6pa6oTKe 
cMeIlIaHHblM Rb-Sr pacTBopOM Ha6J1IO'z:(aJICR Ha paHHHX CTa,Z:(HRX o6pa6oTKH CJlIOA. 06'bRCHeHHe 
nOJlY'leHHbIX pe3YJlhToB 3aKJlIO'IaeTCR B TOM, 'ITO rrpoHcxoAHT YMeHhIlIeHHe MelKCJlOeBOrO npo
MelKYTKa Ha KpaRX '1aCTHl( BCJleACTBHe KOHl(eHTpal(HH Ha HHX Rb. 
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