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but a significant part of the variation is probably a result 
of experimental technique. These data suggest that it may 
be necessary to use both cation exchange capacity and 
surface charge density vs. mole % Al20 3 to test for errors 
in cation exchange capacity and surface area determina
tion or for the presence of other minerals which would 
effect these characterizations. 

REFERENCES 
Aomine, S. and Jackson, M. L. (1959) Allophane deter

mination in Ando soils by cation-exchange delta value: 
Soil Sci. Soc. Am. Proc. 23, 210-214. 

Aomine, S. and Otsuka, H. (1968) Surface of soil allo
phanic clays: Trans. 9th Int. Congr. Soil Sci. 1, 
731-737. 

Aomine, S. and Wada, K. (1962) Differential weathering 
of volcanic ash and pumice, resulting in formation of 
hydrated halloysite: Am. Mineralogist 47, 1024-1048. 

Aomine, S. and Yoshinaga, N. (1955) Clay minerals of 
some well drained volcanic ash soils of Japan: Soil 
Sci. 79, 349-358. 

Besoain, E. (1969) Imogolite in volcanic soils of Chile: 
Geoderma 2,151-169. 

Birrell, K. S. and Fieldes, M. (1952) Allophane in 
volcanic ash soils: J. Soil Sci. 3, 157-165. 

Birrell, K. S. and Gradwell, M. (1956) Ion-exchange 
phenomena in some soils containing amorphous 
mineral constituents: J. Soil Sci. 7, 130-147. 

De Kimpe, C., Gastuche, M. C. and Brindley, G. W. 
(1961) Ionic coordination in alumino-silicic gels in 
relation to clay mineral formation: Am. Mineralogist 
46,1370-1381. 

Harada, M. (1955) Studies on the volcanic ash soils in 
the environs of Mt. Daisen: Soil Plant Food 1, 81-83. 

Lai, Sung-Ho and Swindale, L. D. (1969) Chemical 
properties of allophane from Hawaiian and Japanese 
soils: Soil Sci. Soc. Am. Proc. 33, 804-809. 

Miyauchi, N. and Aomine, S. (1966) Mineralogy of 
gel-like substance in the pumice bed in Kanuma and 
Kitakami districts: Soil Sci. Plant Nutrition 12, 19-22. 

Park, Robert G. (1969) The electrophoretic separation 
of mixtures of pure clays and the electrophonetic 
separation and characterization of a soil allophane, 
Ph.D. Thesis, Univ. Idaho, 65 pp. 

Russell, J. D., McHardy, W. J. and Frasen, A. R. (1969) 
Imogolite: A unique alumine silicate: Clay Minerals 
8,87-99. 

White, W. A. (1953) Allophanes from Lawrence County, 
Indiana: Am. Mineralogist 38, 634-642. 

Yoshinaga, Naganori and Aomine, Shigenori (1962a) 
Allophane in some Ando soils: Soil Sci. Plant Nutri
tion 8, 6-13. 

Yoshinaga, Naganori and Aomine, Shigenori (1962b) 
Imogolite in some Ando soils: Soil Sci. Plant Nutri
tion 8, 22-29. 

Yoshinaga, Naganori, Yotshmoto, H. and Ibe, K. (1968) 
An electron microscopic study of soil allophane with 
an ordered structure: Amer. Mineralogist 53,319-323. 

U.S. Geological Survey 
Menlo Park 
California 94025 
U.S.A. 

E. A. JENNE 

Clays and Clay Minerals, 1972, Vol. 20, pp. 103-105. Pergamon Press. Printed in Great Britain 

Effects of repeated NaTPB-alteration and K-fixation upon a pblogopite 

(Received 13 September 1971) 

THE PARTICLE size of a phlogopite "weathered" in the 
laboratory by repeated K-removal and K-fixation was 
observed to decrease solely as a result of the "weather
ing" process. Structural expansion of the mica by 
hydrated cations during exchange reactions may produce 
strain sufficient to induce particle break-up (Brown and 
Newman, 1970). As particle size decreased, the extent 
to which interlayer potassium became non-exchangeable 
increased. This process of particle size reduction and its 
resultant effect on K-exchange properties of the mineral 
can occur equally well in both the laboratory and in 
nature. 

To accomplish the "weathering," a 15-20 JL (e.s.d.) 
fraction of phlogopite, (Ko'92[(Mg2-32AIo'38Fefi~3 Feij:t,) 
x (Si3'o,AIo'99)OlOCIo'o2F",o(OH)o'88])*' was repeatedly 
cycled through successive K-extractions using NaTPB 
(sodium tetraphenylboron) solutions (Scott et aI., 1959, 
1960a, 1960b, 1962a, 1962b, 1966, 1968), followed by 
K-fixation using N KCl solutions. Five cycles were 
completed, one cycle being denoted as the combination 

of K-~xtraction and reintroduction of potassium into the 
mica (See Flow Chart, Fig. 1). In cycle 3, however, Mg
saturation followed K-removal, since more complete 
K-saturation was expected with Mg rather than Na as 
the complementary ion (Brown and Newman, 1970). 

Equal amounts of mica and N aTPB mixed with 200 ml 
of N NaCI solution were agitated constantly with a 
magnetic stirrer. Alteration was continued until no 
more potassium could be removed. The rate of K
extraction was followed by analyzing for K and N a, 
representative mica samples taken periodically during 
the alteration period. The KTPB precipitate was removed 
from the samples using 4 washes with 70%(v/v)acetone-
30%(v/v)N NaCI followed by 3 rinses with 70%(v/v)
acetone-30%( v Iv )water. 

Potassium was "fixed" into the altered micas (the basal 
spacing collapsed from 12·2 to 10·1 A) by washing the 
samples 4 times with N KCl solution; the samples 
were shaken overnight after each KCl application. 
After K-saturation excess KCl was removed with 3 
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water washes and the samples were dried overnight at 
105°C. 

At the beginning of each cycle, (a) the samples were 
characterized chemically using atomic absorption for 
Mg, Fe (total), K , and Na analyses, and colorimetric 
techniques for Si, AI, and Fe2+ analyses (Pruden and 
King, 1969), (b) powder X-ray diffraction data were 
obtained using conventional techniques and a GE XRD 
6 diffractometer and (iii) the percentage of particles 
greater than 15JL was determined using sedimentation 
fractionation. 

The data represented in Fig. 2 show that the initial 
rate of native K-removal from the phlogopite was ex
tremely slow compared with subsequent release of "fixed" 
potassium (Ellis and Mortland, 1959; Brown and 
Newman, 1970). Although the initial rates of release of 
the "fixed" potassium were the same for cycles 2-5 , 
the total amount of potassium which could be removed 
decreased considerably with each succeeding cycle. In 
cycle I, sixteen days were required before no further 
loss of potassium was observed. The total potassium 
remaining in the mica at the end of cycle 1 (not shown 
in Fig. 2) was 1·91 %. 

The increased difficulty of complete K-removal with 
each succeeding cycle is attributed to the decreasing 
particle size. (No chemical change was observed after 
cycle 1 when a small amount of ferrous iron was oxidized 
and the layer charge lowered slightly). By the end of 
cycle 5 nearly all of the mica was reduced to less than 
15/L, with some of the particles in the less than 1 JL 
range (Table I). 

Fig. 1. Flow chart of the "weathering" process. 

No single factor can be cited for the irreversibility of 
the K-exchange reaction-irreversible in the sense that 
the properties of the original mica are not reconstituted 
with K-fixation. Anyone, or all, of various factors pre
viously suggested may contribute to the observed 
behavior: (a) reduction of layer charge during the alter
ation (Ellis and Mortland, 1959), (b) reduction of crystal 
perfection as indicated by slightly larger basal spacings 
of the K-saturated alteration products than for the original 
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Fig. 2. Rate of potassium release from phlogopite. 
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Table 1. Interlayer cation content and percentage of 
particles greater than 15/L at the beginning of each cycle 

Moles of interlayer cations 
per half unit cell Percent of 

(K-saturated) particles greater 
Cycle K Na Total charge than 15 /L 

1 0·92 0'00 0·92 83t 
2 0·45 0·45 0·90 56 
3 0·68 0'20 0·88 32 
4 0·80* 0'09 0·89 
5 0·76 0' 12 0·88 17 
6 0·73 0' 15 0·88 7 

*Some Mg present (see Flow Chart) added to the K 
value. 

Ht is expected that the true value for > 15/L particles 
is close to 100%; however, the sedimentation method 
used allowed a small percentage of 15-20/L particles to 
be included in the < 15/L fraction. 

mica (Brown and Newman, 1970), or (c) water molecules 
trapped in the interlayer region during K-fixation which 
facilitate the Na-K exchange reaction in the altered mica 
(Barshad, 1954). 

Similar results have been reported by Scott (1968) for 
the effect of particle size on potassium exchangeability. 
However, particle size reduction was obtained by dry 
grinding of the micas prior to NaTPB alteration. Thus, 
a question remained concerning the relationship between 
the observed decreases in K-exchangeability and the 
adverse effects of grinding on mineral structure. 

Following cycle 5, over 40% of the potassium in this 
phlogopite was non-exchangeable, indicating a particle 
size effect greater than Scott (1968) observed with 
phlogopite but similar to the maximum effect obtained 
with muscovite. The greater K-retention of this phlogo
pite is attributed to its high fluorine content (- 5%), 
which causes an affinity for potassium similar to that of 
dioctahedral micas (Rausell-Colom et aI. , 1964; Newman, 
1969). 

With the phlogopite used in this experiment, a slight 
reduction in net negative charge on the layers was ob
served during the first 11 days of alteration (cycle 1), 
only one quarter of which could have resulted from fer
rous iron oxidation. Repeated K-removal and fixation did 
not reduce the layer charge below that occurring initially. 
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