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INTERGRADIENT VERMICULITE-KAOLIN MINERAL
IN A KOREAN ULTISOL

Koyt WADA AND YASUKO KAKUTO
Faculty of Agriculture, Kyushu University 46, Fukuoka 812, Japan

Abstract—A 14-A mineral coexisting with kaolin minerals, mica, and gibbsite in a Korean Ultisol and show-
ing X-ray powder diffraction features of ‘“chloritized’” vermiculite was studied by a combination of meth-
ods. The 14-A mineral collapsed on saturation with K+ after extraction with hot 1/3 M sodium citrate, but
the Si/Al ratio of the extracted material was close to 1.0 and kaolin minerals dissolved, as indicated by
difference infrared spectroscopy. The 14-A mineral was also collapsed by heating at or above 350°C. The
difference infrared spectra and the X-ray powder diffraction patterns indicated that two forms of kaolin
mineral are present that differ in thermal stability; one decomposed by heating at or below 375°C and the
other by heating above 375°C. The former kaolin mineral is probably associated with vermiculite and the
latter is present as a discrete form. The 14-A mineral was inferred to be an intergradient vermiculite-kaolin
mineral, in which most vermiculite layers each partially transform into double kaolin layers, and to rep-

resent an infermediate phase during the transformation of 2:1 to 1:1 layer silicates in acid soils.
Key Words—Chlorite, Difference infrared spectroscopy, Intergradient, Kaolin, Ultisol, Vermiculite.

INTRODUCTION

Vermiculites and smectites in soils and sediments are
commonly partially interlayered or ‘‘chloritized”’ (Rich,
1968; Barnhisel, 1977). As a part of research project on
red and yellow soils in temperate and tropical regions,
astudy was made of active forms of aluminum including
interlayer hydroxy-Al in ‘‘chloritized”” 2:1 layer sili-
cates. In a preliminary experiment one soil containing
“chloritized”’ vermiculite, kKaolin minerals, and mica
was treated with 1/3 M sodium citrate to extract the in-
terlayer hydroxy-Al from the vermiculite. This treat-
ment was followed by K-saturation and air-drying to
collapse the vermiculite. The treatment resulted in a
substantial dissolution of Si which paralleled the dis-
solution of Al. In the present paper, the X-ray powder
diffraction, chemical, and infrared spectroscopic anal-
yses for clays separated from the soil before and after
dissolution or heat treatment are reported in an attempt
to characterize the ‘‘interlayer material’’ in vermicu-
lite. That this ‘‘interlayer material’’ is a kaolin mineral
and not hydroxy-Al is discussed, as are the implications
of this discovery.

MATERIALS AND METHODS

Soil

The ITB23t(g) horizon (74—130 cm in depth) of a Typic
Hapludult (Red-Yellow Podzolic soil), Gwangju series,
was collected from a profile located at Samnam, Gyon-
dong, Ulju, Gyeongsangham, Korea. The soil is a fri-
able, red (2.5YR 4/8), heavy clay derived from old al-
luvium associated with granite and gneiss. The soil is
acid (pH (H,O) = 5.40; pH (1 M KCI) = 3.80). It is poor
in bases (exchangeable Ca = 0.17, Mg = 0.48, K =
0.09, Na = 0.11 meqg/100 g soil) and rich in aluminum
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(exchangeable Al = 6.81 meq/100 g soil). It contains
65% clay (<2 um) which consists of ‘‘chloritized”” ver-
miculite, kaolin minerals, mica, and gibbsite (Y oshina-
gaetal., 1981). Clay fractions (<2, <0.2, and 0.2-2 um)’
were separated from the soil by repeated dispersion at
pH 10 (NaOH), sonic vibration, and sedimentation. The
proportion of the <0.2-um to 0.2-2-um fractions was
38 to 62. The separated fractions were kept as floccu-
lated suspensions by adding small amounts of NaCl.

Dissolution and heat treatments

The clay was treated with dithionite-citrate. (Mehra
and Jackson, 1960) (4 ml of 0.3 M Na-citrate + 0.5 ml
of I MNaHCQO; + 0.1 g of Na,S,0,/30 mg clay) at 80°C
for 15 min and/or with 1/3 M sodium citrate at 100°C for
an appropriate period (Tamura, 1958) in a polyethylene
flask with a reflux condenser (25 ml of 1/3 M sodium
citrate/30 mg clay). The amounts of Fe and/or Al and
Si dissolved from the clay were determined by atomic
absorption spectroscopy. The clays before and after the
treatment with dithionite-citrate were saturated with K+
and heated at appropriate temperatures between 300°
and 550°C in an electric furnace.

X-ray powder diffraction analysis and
infrared spectroscopy

The clays saturated with Mg?+ and K* were analyzed
by X-ray powder diffraction (XRD) and those saturated
with K* by infrared (IR) spectroscopy after air-drying
or heating at different temperatures. IR spectra of ma-
terial “‘removed’’ by the dissolution treatment or the
material altered by the heat treatment were obtained by
difference IR spectroscopy, wherein the starting clay
and the treated product were placed in the sample and
reference positions of an IR spectrophotometer.
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X-ray diffraction patterns of parallel oriented clays

Figure 1.
separated from a Korean Ultisol 1IB23t(g) horizon: 1 = Mg-
saturated and air-dried; 2 = K-saturated and air-dried; 3 and
4 = K-saturated and heated at 350° and 550°C, respectively.

Differential thermal and thermal
gravimetric analyses

Differential thermal (DTA) and thermal gravimetric
(TGA) analyses were carried out simultaneously on
about 30 mg of clays treated with dithionite-citrate and
saturated with K+ at a heating rate of 20°C/min in air.

RESULTS

Figure 1 shows that the 14-A mineral in the Mg-sat-
urated <0.2-um and 0.2-2-um fractions did not col-
lapse on K-saturation and air-drying. Subsequent heat-
ing of K-saturated clays resulted in a gradual shift of
the 14-A reflection toward 10 A, but the 10-A reflection
showed broadening on its low-angle side even after
heating at 550°C. The 14-A mineral did not expand with
Mg-saturation and glycerol solvation.

The collapse of the 14-A mineral on K-saturation and
air-drying was enhanced by the dithionite-citrate treat-
ment (Figure 2A), but the subsequent sodium citrate
treatment was much more effective and nearly all in-
terlayer material was removed (Figure 2B). XRD anal-
yses showed that the 14-A mineral remaining after the
sodium citrate treatment did not expand with Mg-sat-
uration and glycerol solvation, indicating that it is ver-
miculite. Analyses of Si, Al, and Fe dissolved by the
successive dithionite-citrate and sodium citrate treat-
ments (Table 1) showed that the materials removed by
the respective treatments were different; the main ma-
terial removed with dithionite-citrate was iron oxide
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Table 1. Dissolution of Si, Al, and Fe from <0.2-um and
0.2-2-um fractions by successive treatment with dithionite-
citrate and sodium citrate.

Si/Al
molar
Constituents dissolved ratio
of con-
Si0, ALO, Fe, 0y stituents
Treatment (%) (%) (%) dissolved
<0.2 um
Dithionite-citrate — 3.15  12.53 —
Sodium citrate (24 hr) 12.20 10.46 0.04 0.99
0.2-2 pm
Dithionite-citrate — 2.15 7.56 —
Sodium citrate (24 hr) 9.51 7.79 0.03 1.04
<2 pm
Dithionite-citrate 2.12 331 10.88  0.54
Sodium citrate (18 hr) 9.48 7.93 0.02 1.02

which possibly incorporated some Al and associated
with aluminosilicates, whereas the material removed
with sodium citrate was an aluminosilicate with the Si/
Al molar ratio of about 1.0, most probably kaolin min-
erals. Onthe other hand, the 7-A reflection was not much
affected by the sodium citrate treatment both for the
<0.2-um and 0.2-2-um fractions (Figure 2), though a
10-A reflection probably due to halloysite in the 0.2-um
fraction disappeared.

Dithionite-citrate treated <2-um fractions were ex-
tracted with sodium citrate for various lengths of time
and at various ratios of extractant to clay. The disso-
Iution of Si and Al and the associated changes of XRD
intensities at 14 A (on K-saturation and air-drying) and
at 10and 7 A (on K-saturation and heating at 350°C) are
shown in Figure 3. The removal of interlayer material,
as indicated by the decrease and increase of the 14- and
10-A reflection intensities, respectively, was essential-
ly complete when 8% Al (as Al,O3) was extracted from
the clay. Up to this point, equimolar amounts of Si and
Al were dissolved. Eight percent alumina corresponds
to the dissolution of 20% of a kaolin mineral from the
clay, but the 7-A reflection was not affected. With fur-
ther extraction, the dissolution of Si and Al continued
to increase, though the increase was more marked for
Si, and the 7-A reflection slightly decreased in intensity.
The results indicate that the sodium citrate treatment
dissolved the kaolin mineral in preference to the ver-
miculite and mica and that the dissolved kaolin mineral
did not contribute to the 7-A reflection. Probably the
latter kaolin mineral is not in a discrete form but is as-
sociated with the vermiculite.

The material dissolved by the dithionite-citrate treat-
ment gave a strong and broad IR absorption maximum
at 3200-3400 cm™* (Figure 4), suggesting iron oxyhy-
droxides. Substantial amounts of Si and Al were also
extracted by the treatment (<2-um fraction, Table 1),
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Figure 2. X-ray powder diffraction patterns of parallel oriented clays treated with dithionite-citrate (A) and then with 1/3 M

sodium citrate (24 hr) (B): 1 = Mg-saturated and air-dried; 2 = K-saturated and air-dried; 3 and 4 = K-saturated and heated
at 375° and 550°C, respectively. The numbers in parentheses show the full scale counting rate in cps.

and the difference IR spectra showed features of a poorly
crystallized kaolin mineral whose absorption bands were
broad and poorly resolved, particularly at 3600-~-3700
cm™. Such material was possibly partly associated with
the iron oxide and partly with the vermiculite as was
the material dissolved by the citrate treatment. The dif-
ference IR spectra showed no particular absorption at
3690-3700 cm™, characteristic of hydroxy-Al pro-
duced at interlayers of montmorillonites (Brydon and
Kodama, 1966; Ahlrichs, 1968). On the other hand, the
dissolution of the kaolin mineral in 1/3 M sodium citrate
was indicated by the difference IR spectra (Figure 4).
Except for a weak 3695-cm~! band relative to 3620-cm ™!
band, the difference IR spectra are similar to that of
kaolinite. The spectra also suggest that the dissolved
kaolin mineral and the residual kaolin mineral are sim-
ilar and that more than half of the kaolin mineral and
only a small fraction of the gibbsite were dissolved in
1/3 M sodium citrate. Unlike the XRD analysis, the IR
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spectra of the kaolin mineral in the <0.2- and 0.2-2-um
fractions are similar.

The foregoing results suggest that the kaolin minerals
are present in both discrete and associated forms and
that the latter is present as ‘‘interlayers’’ of the ver-
miculite. This suggestion was tested by IR spectros-
copy using the clays treated with dithionite-citrate and
saturated with K+, and then heated between 300° and
500°C. The difference IR spectia of the clays air-dried
and those heated at 375°C showed that about one-third
or more of the kaolin mineral and all of the gibbsite ap-
peared to have been decomposed below 375°C (Figure
5). Note that the decomposition of this particular kaolin
mineral is associated with the collapse of the vermic-
ulite, but that the decomposition did not reduce the in-
tensity of the 7-A reflection of the kaolin mineral (Fig-
ure 2A). The decomposition of most of the remaining
kaolin mineral occurred at 500°C (Figure 5), and re-
sulted in a substantial decrease of the intensity of the
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Figure 3. Dissolution of Si and Al from clays (<2 pwm) and

associated changes of their X-ray powder diffraction intensity
at 14, 10, and 7 A by treatment with 1/3 M sodium citrate. The
line (—-—) indicates the relation between SiO, and Al,O; (%)
dissolved from the material with the Si/Al ratio of 1.0. The
numbers at the bottom indicate the volume of 1/3 M sodium
citrate per 30 mg of clay and the time for treatment.
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7-A reflection. The difference IR spectra of kaolin min-
erals decomposed at 375°C and 500°C are also different
in the region 1100-1200 cm™*; only the latter kaolin min-
eral yielded a negative absorption. The results indicate
that two different forms of kaolin minerals are present
in both the <0.2- and 0.2-2-pm fractions. One exists in
association with the vermiculite and decomposes at
lower temperatures, and the other exists as a discrete
form and decomposes at higher temperatures.

The XRD patterns of dithionite-citrate treated and
randomly oriented clays (Figuré 6) show that vermic-
ulite is dioctahedral (d(06,33) = 1.50 A) and that the
vermiculite and kaolin mineral have similar a, and b,
values. Most (hk]) reflections showed features similar
to those reported for b-axis disordered kaolinites
(Brindley, 1961) and “‘illites”’ (Bradley and Grim, 1961),
and the stacking of the unit silicate layers was more dis-
ordered in the minerals of the <0.2-um fraction.

Electron micrographs show that thin micrometer-size
plates having angular, sometimes hexagonal, outlines
predominate in both the <0.2- and 0.2-2-um fractions
(Figure 7). The plates seem to have grown within larger
and more rounded particles, possibly of mica-derived
vermiculite. Although the presence of halloysite(10A)
isindicated in the <0.2-um fraction by XRD (Figure 2),
only very few curled flakes and no tubes were found.
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Figure 4. Difference infrared spectra of dithionite-citrate and sodium citrate soluble fractions of clays and infrared spectra of

residues remaining after sodium citrate treatment (24 hr).
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Figure 5. Difference infrared spectra of portions of clay altered by heating between room temperature and 375°C and between

375° and 500°C and infrared spectra of clays heated at 500°C.

DTA curves show two endotherms with maximum at
about 300°C and 530°C for the clays treated with dithio-
nite-citrate (Figure 8). The 300°C endotherm is due to
decomposition of gibbsite, whereas the 530°C endo-
therm is due to dehydroxylation of kaolin mineral and
vermiculite. The two different forms of kaolin minerals
that were indicated by difference IR spectroscopy were

4.46

<0.2 um

7.5 1053

1.49-1.50

°28 (CuKa)

Figure6. X-ray diffraction patterns of randomly oriented clays
treated with dithionite-citrate saturated with K* and air-dried.
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not differentiated by DTA. TGA, however, shows con-
siderable weight losses on heating between 150° and
450°C, in addition to that between 250° and 350°C due
to the decomposition of gibbsite (Figure 8). The thermal
decomposition of the kaolin mineral associated with the
vermiculite did occur, but it did not produce a notice-
able thermal effect on the DTA curves. The absence of,
or a very weak, high-temperature exotherm may be

L

¥ " .-
Yad 7o
g
Figure 7. Electron micrograph of the 0.2-2-um fraction

treated with dithionite-citrate and saturated with K*. Mark-
er = 1 um.
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Figure 8. DTA curves of clays treated with dithionite-citrate
and saturated with K*. The weight loss (%) is based on the
weight of clays heated at 150°C.

characteristic of the kaolin mineral associated with the
vermiculite or it may be related to the use of K-satu-
rated clays.

DISCUSSION

““Chloritized”’ vermiculite is commonly identified by
XRD. It does not collapse readily when K-saturated,
but its sharp 14-A reflection becomes diffuse and shifts
toward 10 A on the heating to 300°C or 550°C. When Al
is removed by a treatment with reagents such as sodium
citrate, it collapses on K-saturation but does not ex-
pand with glycerol solvation (Rich, 1968; Barnhisel,
1977). According to these criteria, the 14-A mineral in
question is identified as a “‘chloritized’’ vermiculite. The
following two observations, however, oppose this iden-
tification: (1) The sodium citrate treatment which re-
sulted in the collapse of the 14-A mineral also resulted
in dissolution of not only Al but of Si at the molar Si/
Al ratio of about 1.0; (2) the dissolution of kaolin min-
eral but not any other components, such as gibbsite,
quartz, mica, and noncrystalline silica, alumina, and
aluminosilicates, are indicated by XRD and difference
IR spectroscopy. All observations indicate that the 14-
A mineral is a vermiculite associated with kaolin min-
eral.

To our knowledge, no such association of vermiculite
with kaolin mineral has been reported. It is different
from interstratified 2:1/1:1 layer silicates such as mont-
morillonite/kaolinite reported by Schultz ez al. (1971) and
others. The interstratified kaolinite/Ca-montmorillon-
ite gave a broad reflection at 7.3-7.7 A, but no well-
defined reflection in the 10—14-A range for air-dried clay
(Cradwick and Wilson, 1972). The mineral in question
gave a more or less well-defined 14-A reflection when
saturated with Mg?* and air-dried, and this 14-A reflec-
tion became weak and diffuse and shifted toward 10 A
when the clay was saturated with K* and air-dried or
heated (Figure 2). These XRD features can not be ac-
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Figure 9. Schematic drawing of a part of unit layer of an in-
tergradient vermiculite-kaolin mineral saturated with Mg2+ or
K+,

counted for by ordinary interstratifications of vermic-
ulite and kaolin layers, either regular or random, but
could have resulted from a partial transformation of each
vermiculite layer into double kaolin layers (Figure 9),
provided it occurs in most layers of each vermiculite
particle. The extent of this transformation in the re-
sulting intergradient mineral varies from one layer to
another and does not affect the (001) reflection of the
Mg**-saturated clay, but affects the (001) reflection of
the K*-saturated and air-dried or heated clays (Figures
1 and 2). In the proposed model, every other kaolin lay-
er in the double layer is inverted, because the (001) and
(002) reflections from the 14-A mineral are strong and
very weak or absent, respectively (Figure 2). The thick-
ness of the dehydroxylated double kaolin layers is un-
known, but the increase of the 10-A refiection intensity
on their dehydroxylation (Figures 1 and 2) suggests that
itis nearly equal to or slightly larger than 10 A.

The double kaolin layer as a unit is very thin. The
above transformation would proceed from the edge of
the vermiculite particle and produce an ample space
around one of the double kaolin layers according to
the stoichiometry of the reaction; e.g.

H,SigAl;O,(OH), + 3H,O0
(““‘H-vermiculite’’; 1 unit cell)
= SieAleom(OH)m
(kaolin mineral; 1.5 unit cell).

These may account for the preferential dissolution of
the double kaolin layers in 1/3 M sodium citrate and
their thermal decomposition at lower temperatures.
The extent of transformation from the vermiculite to
kaolin mineral in the unit layer of the proposed model
was calculated for the 0.2-2-um fraction. Dissolution
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analysis showed that kaolin mineral in an amount cor-
responding to 20% of the clay was dissolved by the so-
dium citrate treatment; difference IR spectroscopy gave
a total kaolin content in the clay of about twice that
dissolved. Thus, the vermiculite content is about 50%
of the clay by subtracting 10% allocated for gibbsite and
mica from the remaining 60%, and the weight ratio of
vermiculite to kaolin mineral is 50:20. If the unit-cell
compositions of dioctahedral vermiculite and kaolin
mineral are approximated by SizAl;O.,(OH), and
Si,Al,0,¢(OH)g, respectively, an average proportion of
vermiculite to kaolin mineral unit cell in each layer is
1.8 to 1.

The transformation of vermiculite to kaolin mineral
instead of interlayering of hydroxy-Al in vermiculite has
bearings on the chemical reactivities of acid soils. It will
result in fewer negative and positive charges and small-
er surface acidity and specific adsorption of cations and
anions.

The formation of the intergradient vermiculite-kaolin
mineral has important implications in the transforma-
tion of 2:1 to 1:1 minerals during weathering. Such
transformations, particularly smectite to kaolinite, have
been proposed to explain the inverse concentration re-
lations in weathering profiles through a hydroxy-Al in-
terlayering and a mixed layering between smectite and
kaolinite, as reviewed by Altschuler ef al. (1963) and
Rich (1968). Poncelet and Brindley (1967) and Oberlin
and Couty (1970) showed that kaolinite could be formed
from montmorillonite interstratified with polymer hy-
droxy-Al ions at or above 170°C. Kittrick (1970) found
that kaolinite formed in aqueous suspensions of some
montmorillonites acidified with HCl and held for 34 yr
at room temperature. The natural occurrence of mixed-
layer kaolinite/montmorillonite minerals was described
by Sudo and Hayashi (1956) and subsequently by other
investigators, as reviewed by Sawhney (1977). Lee et
‘al. (1975) also observed micaceous occlusions in well-
ordered and b-axis-disordered kaolinites by ultramicro-
tomy and high resolution electron microscopy.

These observations suggest that the hydroxy-Al in-
terlayering in the expandable 2:1 layer silicates and/or
the mixed layering between 2:1 and 1:1 layer silicates
are the mechanisms by which the 2:1 layer structure
converts to the 1:1 layer structure. The present obser-
vations suggest, however, that there is a different
mechanism operating in soil environments under leach-
ing conditions. It is the direct conversion of a diocta-
hedral vermiculite layer with exchangeable Al ions to
double kaolin layers. To resolve this problem, how-
ever, the proposed model must be confirmed by tech-
niques such as ultramicrotomy and high-resolution
electron microscopy. Further studies on *‘chloritized’’
2:1 layer silicates in soils and sediments are also nec-
essary to answer the question whether such intergra-
dient vermiculite-kaolin mineral is common or not.
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Pesiome—IIpy OMOIIH pa3HLIX METOROB HecenoBasics 14 A MuHepan cocymecTsylomuii ¢ MEHEpaIaMH
KaoNWHa, CMOAbI ¥ rno6cuta B KopeaHcKo# KMCIOTHOM NOYBE M IOKA3BIBAIOIIANA YePTH PEHTTCHOBCKOM
nopomKoBod AU pakilii KaK ‘XJOPUTHPU3OBAHHLIA'W BEPMHMKYJIUT. ITOT MHHEpaJl pa3pylIICs IpH
HacblneHnn K* 1mocne 3KcTpakimm ropsyuM pacrsopom 1/3 M uuTpara HaTpusi, HO OTHOILEHHE
Si/Al s sKCTparMpoBaHHOTO MaTepHasia 6bLIO 060710 1,0 M KAaOJHHOBBIE MHHEPAbI PACTBOPANHUCH,
yro 6BUI0 mOKa3aHO mpu momomm auddeperHuuantHOi MEdpPaKpacHOH CHEKTPOCKOmMM. JroT 14
MHHEPAJl TaKXKe pa3pyulaics npu Harpese [0 win Boiie 350°C. [Quddepennmansabie nHppaKpacHbie
CIIEKTPbI M 00pa3ipl PEHTTEHOBCKO# NOPOUIKOBOH Audydpaknuu yKasbiBamm HA TO, YTO OPUCYTCTBYIOT
aBe (OpMBbI KaOJUHOBBIX MHHEPANOB, KOTODbIE DA3MYAIOTCs TEPMAILHOH CTaOMILHOCTBIO; OfHA
packnafpiBaeTcsi Npu Harpese Ao unu Hmwke 375°C, a Bropas npu HarpeBe Bbille 375°C. IlepBbrii
KaOJIHHOBBIH MHHEDaJ CRSI3aH BEPOSTHO ¢ BEPMHMKYJUTOM, a BTOPOH NPHCYTCTBYET KaK HAUCKPETHAs
dopMa. 14 A KaoNwWHOBHIH MHHepan NpPHINCHIBANCH MEKIPAMieHTOMY BePMHKYJHTO-KaOIHHOBOMY
MHHepajly, B KOTOPOM OOJIBIIMHCTRO BEPMHUKYJIMTOBBIX CIHOEB ObUIO YaCTHYHO NEPEBEREHO B JIBOHHLIE
KaoJIMHOBBIE CJIOM, W NpefCTaBIsLN MPOMEXYTO4YHyK a3y Bo Bpemsi Tpancdopmaumm 2:1 v 1:1
CJIONCThIE CYJIMKATBI B KUCIOTHBIX mouBax. [E.G.]

Resiimee—Ein 14 A-Mineral, das mit Kaolinmineralen, Glimmer, und Gibbsit in einem Koreanischen Ultisol
auftritt und im Rontgenpulverdiffraktogramm Kennzeichen eines *“chloritisierten’’ Vermiculites aufweist,
wurde mittels einer Kombination von Methoden untersucht. Das 14 A-Mineral kontrahierte nach einer
Extrahierung mit heifler 1/3 molarer Natriumcitratlosung bei einer Séttigung mit K*. Das Si/Al-Verhiltnis
des extrahierten Materials war jedoch nahezu 1,0 und entsprach in etwa gelosten Kaolinmineralen, wie
eine Untersuchung mittels Differenzinfrarotspektroskopie zeigte. Das 14 A-Mineral kontrahierte nach dem
Erhitzen auf 350°C oder dariiber. Die Differenzinfrarotspektren und die Rontgenpulverdiffraktogramme
deuteten darauf hin, dafl zwei Arten von Kaolinmineralen vorhanden sind, die sich in ihrer thermischen
Stabilitit unterscheiden; die eine Art zerfillt beim Erhitzen auf maximal 375°C und die andere beim Er-
hitzen auf iiber 375°C. Das erste Kaolinmineral ist wahrscheinlich an Vermiculit gebunden, wihrend das
zweite als diskrete Phase vorliegt. Es wird angenommen, daB das 14 A-Mineral ein Vermiculit-Kaolin-
Wechsellagerungsmineral ist, bei dem die meisten Vermiculitlagen teilweise in doppelte Kaolinlagen um-
gewandelt sind, und somit eine Ubergangsphase wihrend der Umwandlung von 2:1 in 1:1 Schichtsilikate
in sauren Boden darstellt. [U.W.]

Résumé—Un minéral de 14 A coexistant avec des minéraux kaolins, du mica, et de la gibbsite dans un
Ultisol koréen et montrant des traits de diffraction poudrée des rayons-X d’une vermiculite *‘chloritisée”
a été étudiée par une combinaison de méthodes. Le minéral de 14 A s’est effondré lors de la saturation
avec K* apres extraction par de la citrate de sodinm chaude 1/3 M, mais la proportion Si/Al du matériel
extrait était proche de 1,0 et les minéraux kaolins dissous, comme I’indique la spectroscopie infrarouge de
différence. L’échauffement 2 on au dessus de 350°C a aussi causé |’effondrement du minéral de 14 A. Les
spectres infrarouges de différence et les clichés de diffraction poudrée des rayons-X ont indiqué que deux
formes du minéral kaolin étaient présents qui différent au point de vue de la stabilité thermique; 'un se
décomposait suite a I’échauffement & ou sous 375°C, et l’autre suite 4 I'échauffement au dela de 375°C. Le
premier minéral kaolin est probablement associé¢ a la vermiculite, et le second est présent en tant que forme
discréte. On a inféré que le minéral de 14 A était un minéral vermiculite-kaolin intergradient, dans lequel
la plupart des couches vermiculite se transforment chacune partiellement en couches doubles de kaolin,
et qu’il représente une phase intermediaire de 2:1 a 1:1 de silicates & couches dans des sols acides. [D.].]
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