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MIXED-LAYER KAOLINITE-MONTMORILLONITE FROM SOILS NEAR
DAWSON, YUKON TERRITORY?
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ABSTRACT

Clay fractions of soils at two sites, which are 21
km apart, near Dawson contain a mineral having a
broad X-ray diffraction reflection at about 7~8A.
A mineralogical study of one representative soil
sample was carried out with X-ray diffraction, chem-
ical and infrared-absorption methods. The results
indicate that the mineral is a. mixed-layer kaolinite-
montmorillonite with an irregular stacking manner
and with an approximate proportion of 0.6~0.7
for the kaolinite component.

SOMMAIRE

La fraction argileuse de sols prélevés aux environs
de Dawson, en deux sites distants de 21 km contien
un minéral caractérisé par une raie diffuse de dif-
fraction des rayons-X correspondant & un espace-
ment d’environ 7 4 8A. L'étude minéralogique d’un
échantillon typique du sol, effectuée par diverses mé-
thodes des rayons-X, analyse chimique et absorp-
tion infra-rouge indique que le minéral consiste en
un empilement de irrégulier couches mixtes kaoli-
nite-montmorillonite, dans lequel la fraction de
kaolinite atteint ~0.6 & 0.7.

(Traduit par le journal)

INTRODUCTION

Brydon & Shimoda (1970) summarized the
occurrence of disordered kaolinite minerals in
Canadian soils, and briefly mentioned an inter-
stratified clay mineral with kaolin and 2:1-type
layers in a soil (SSG 13) from the Yukon Terri-
tory. This sample was later examined by L. G.
Schultz (personal communication, 1972). Subse-
quent study of the mineral has attested that it
is a mixed-layer kaolinite-montmorillonite with
an irregular stacking manner. Similar mixed-
layer minerals were also found in different hori-
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zons and in other soils in the Yukon Territory.
To our knowiedge, this is the first report of the
occurrence of such minerals in Canada. The
purpose of this paper is to describe the mixed-
layer kaolinite-montmorillonite found in the
soils, which is believed to be relatively uncom-
mon and may have been related to a specific
mineral transformation process.

A combination of kaolinite and smectite as
component layers of an interstratified mineral
was first reported from Japan by Sudo & Hayashi
(1956) and Sudo (1959). Shimoyama et al. (1969)
established further mineralogical data for the
Japanese c¢lays and concluded that the minerals
were complicated interstratifications of mont-
morillonite-halloysite (10A)-metahalloysite (7A).
Altschuler et al. (1963) demonstrated the case
of the transformation of montmorillonite into
kaolinite in Florida in which kaolinized mont-
morillonite was mentioned. A relatively well-
crystallized mixed-layer kaolinite-montmorillo-
nite has recently been reported from Mexico by
Schultz et al, (1971) and from Poland by Wie-
wiora (1971, 1973). These recent reports and
the calculated X-ray diffraction profiles for such
2 combination (Cradwick & Wilson 1972) faci-
litated. the identification of this type of mineral
in Canadian soil samples.

SAMPLE STUDIED

The original soil samples were collected by J.
Day of the S.R.IL in cooperation with O. Hughes

TABLE 1. DESCRIPTION OF THE SOIL SAMPLES

Site 1 Site 2

72 km southeast from Dawson
on Klondike Highway

51 km southeast from Dawson
on Klondike Highway

Lab Sample Horizon Depth Lab Sample Horizon Depth
Number (cm) Number cm)
SSG 9 Bm 1 0-3 SSG6 16 Ae 0-14
$86 10 Bm 2 3-29 SSG 17 8] 14-21
SSG 11 11 Bf 29-54 $SG 18 c 21-36
856 12 11 Bfc 54-109 SSG 19 11 Bf 36-58
SS6 13 II Bm 109-13¢ SSG 20 11 BC.| 58-80
SS& 14 1I Bc 139-199 $8G 21 I BCZ 80-130
§S6 15 IIc 199+ $S6 22 IIrc '|30+
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of the Geological Survey of Canada at two sites
near Dawson, Yukon Territory on the basis of
the paper by Bostock (1966). Coarse and fine
clay fractions were separated from the various
soil horizons (Table 1) by a combination of
sedimentation and centrifugation. Preliminary
X-ray diffraction data indicated that the mixed-
layer kaolinite-montmorillonite was concentrated
in the fine clay fractions (<0.2 pm) from all
horizons at both sites except for the two top
horizons at site 1 (SSG 9 and 10). The mixed-
layer mineral was associated commonly with
mica, chlorite-vermiculite intermediate, quartz,
and traces of chlorite and kaolinite. Because of
its relative purity, the fine clay fraction of sam-
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ple SSG 11 from the IIBf horizon was chosen
for the present study.

EXPERIMENTAL RESULTS

Figure 1 shows X-ray diffraction patterns ob-
tained on oriented aggregates of the Ca-saturated,
fine clay fraction (< 0.2 pm) of SSG 11 before
and after various treatments. An air-dry sample
(Fig. la) gave three major broad reflections
near 13, 10 and 7.8A in the low 26 region. The
background of the diffraction pattern in this
region was high and steeply increased as the 26
angle approached zero, which suggests the pre-

o
P
o
-
w
n
<

A

N

f

Y
~
|

N
s
(

1l |

NN

S
N

2
]

<
L

s
<

’
j

/

U
NG

1
35 30 25 20

o
SF

1 5

DEGREES 20 CoK o SRi

FiG. 1. X-ray diffraction patterns of oriented specimen of the Ca-saturated
<0.2 pm clay fraction from sample SSG 11. (a) Air-dry; (b) glycerol-
saturated; (c) after heating the air-dry specimen at 300°C; (d) after
heating at 500°C; (¢) after heating at 700°C; (f) air-dry sesquioxide-
free; (g) glycerol-saturated sesquioxide-free.
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senc: of non-crystalline and fine particle-size
material, Solvation with glycerol (Fig. 1b) dif-
fused the 13A reflection into a part of the back-
ground to leave a continuous wide diffraction
band around 4°-6° 26 range (CoKa, A =
1.7902A), whereas the 10A and 7.8A refiections
remained virtually unchanged. Heating at 300°C
(Fig. 1c) eliminated the 13A reflection, left the
10A reflection unchanged, and enhanced slightly
the height of the 7.8A reflection. Heating at
higher temperatures produced only 10A reflec-
wons (Fig. 1d and e). At higher 24 values, the
3.4A and 3.5A reflections remained largely un-
changed until the sample was heated at 500°C,
whereupon the reflection near 3.5A was elimin-
ated. On heating at 700°C (Fig. le), a new and
well-defined reflection appeared at 3.24A. This
was closely related to the spacing for the 3rd-
order basal spacing of collapsed montmorillonite
or vermiculite (=9.7A) rather than that of heated
mica (10A). Other X-ray diffraction data for a
non-oriented powder specimen showed no de-
tectable feldspar or quartz. These data also in-
dicated that the layer silicates present were
dioctahedral since the sample had a major re-
flection at 1.50A.

After removal of free sesquioxides by the di-
thionite-citrate extraction method (Mehra &
Jackson 1960), the height of the background of
the low 26 region was substantially reduced (Fig.

1f). Although the 13A reflection was poorly de-
fined in the diffraction pattern of the sesqui-

oxide-free sample (Fig. 1f), glycerolation pro-
duced the same broad diffraction band in the
4°-6° 20 (CoKea) region (Fig. 1g) as in the dif-
fraction pattern of glycerolated sample from
which free sesquioxides were not removed (Fig.
1b). The reflection near 8A was rather intense
and well-defined after solvation with glycerol
and its posititon moved to 8.2A from 7 .81§ which
was the d-spacing under air-dry condition.

DISCUSSION AND CONCLUSIONS

The following interpretations may be derived
from the above results. The 10A component was
ascribed to a discrete mica. The 13A and 7.8A
reflections appeared to indicate random inter-
stratifications (no superstructure). A chloritic
component should be excluded from the 13A
phase, since it collapsed to 10A upon heating
(= 300°C). An expansion by solvation with gly-
cerol indicated the presence of expanding layers
in the 13A phase. A humid condition of > 95%
r.h. (data not given here) also caused an expan-
sion similar to that on glycerolation. This sug-
gested that the expanding layers were mont-
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morilionitic rather than vermiculitic, Thus, it is
likely that the 13A phase is an interstratification
of mica and montmorillonite.

Although the 7.8A phase did not appear to be
sensitive to various experimental conditions such
as dry, wet and solvation with glycerol, heating
at 300°C exhibited a small but definite expan-
sion of spacing from 7.8 to 8.0A. This reflection
disappeared on heating at 500°C. These fea-
tures were markedly similar to those described
by Schultz et al. (1971) for mixed-layer kaolinite-
montmorillonite from Mexico. In fact, they
stated that the features most diagnostic of the
mixed-layer character was an X-ray reflection
near 8A after heating at 300°C. Similar inter-
pretations may be applied to confirm that the
7.8A phase in SSG 11 is a mixed-layer kaoli-
nite-montmorillonite. Under air-dry condition
(30~50% r.h.), Ca-saturated montmorillonite
has its first-order basal reflection at 15.4A and
the second-order at 7.7A. If such montmoril-
lonite layers are interstratified with kaolinite
layers having the first-order basal reflection at
7.2A, diffraction interference phenomena could
produce a composite reflection between 7.7 and
7.2A. When the Ca-saturated montmorillonite
is solvated with glycerol, its layer expands to
18A. An interference reflection may then appear
between 9 (=18A/2) and 7.2A. Upon heating
at 300°C, the layer contracts to 9.6A. Therefore,
the interference reflection may appear between
9.6 and 7.2A. The positions of reflection maxi-
ma are a function of the mixing ratio of the two
components, kaolinite and montmorillonite.
Thus, it is possible to evaluate an approximate
ratio from an observed d-spacing by reference
to calculated data. The data after heating at
300°C, which are the most diagnostic, gave a
reflection maxima at 8A and that was plotted
on the calculated reflection migration curve of
Cradwick & Wilson (1972). The plotting cor-
responded to a ratio of 0.6:0.4 for kaolinite to
montmorillonite. A similar ratio was also ob-

tained from data after glycerolation. .
Infrared data (Fig. 2) provided useful addi-

tional information (Kodama & Oinuma 1963;
Oinuma & Kodama 1964). In the OH-stretching
region there are three distinct absorptions at
3700, 3625, and 3430 cm™ and a shoulder-like
absorption at 3650 cm?. The 3700 and 3625
cm™ and the shoulder-like absorption bands are
characteristic of kaolinite. The major band at
3625 cm™ is also common to muscovite and
montmorillonite. The absorption at 3430 cm™
can be assigned to hydrogen-bonding OH vibra-
tions which may originate from interlayer water
in montmorillonite or related minerals. In the
region 1200-300 cm™, two large broad absorption
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maxima appeared around 1000 and 500 cm™,
and were associated with small but well-defined
absorption bands at 1100, 1035, 1010, 912, 750,
693, 530, 468, 430 and 350 cm™. Overall, the
pattern resembled a composite spectrum of
three minerals, kaolinite, muscovite and mont-
morillonite (Farmer 1974). The absorption at
430 cm™ may be another indication of the pre-
sence of kaolinite, since the two other minerals
do not have a distinct band at that wave-num-
ber. An absorption band at 833 cm™ which be-
longs to muscovite was missing. The quantity of
muscovite, therefore, should not be high. Al-
though the spectra strongly indicate the presence
of kaolinite, X-ray data showed only an indis-
tinct hump at around 7.2A, which might be due
to a small amount of discrete kaolinite. Thus,
the major portion of the infrared spectra be-
longing to kaolinite should be assigned to the
component with a kaolinitic structure of the
mixed-layer mineral.

To account for some impurities, some correc-
tions were made based upon chemical analysis.
The air-dry sample contains 1.8% amorphous
Al:O;, 6.9% amorphous Fe,Os, and 4.7%
moisture (<100°C). On the sesquioxide-free
and moisture-free basis, the sample consisted of
47.6%, Si02, 26.1% Alea, 7.6% Fezoa, 1.0%
MgO, 1.2% Ca0O, 0.7% K0, 0.1% Na.,O and
15.7% ignition loss. Assuming that the mica
component in the sample is similar to so-called
illite having an idealized formula, (K,Na)o.seAls
(Sis.24Al0.66)010(0H)s, (using the average illite K
content as 8% KO, c.f. Weaver 1965), the total
composition mentioned above was corrected for
the mica composititon after the total alkalis had
been allocated to the mica composition. The
corrected values are 47.1% SiO:, 25.1% AlO,,
8.4% Fey0s, 1.1% MgO, 1.3% CaO and 16.9%
ignition loss which are similar to those expected
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for the mixed-layer kaolinite-montmorillonite
minerals (Shimoyama et al. 1969; Schultz et al.
1971). The Si0./Al:O; ratio of ideal kaolinite
is 1.18. An average SiO./(Al:Os+Fes0s+MgO)
ratio of Wyoming-type montmorillonite is about
1.9 (c.f. Weaver & Polland 1973). If we ignore
the small montmorillonite component in the
mixed-layer mica-montmorillonite, the propor-
tion of the kaolinite component (X) in the mixed-
layer kaolinite-montmorillonite can be evaluated
from the equation, 1.18X 4 1.9 (1-X) = SiO./
(AlsO: + Fe.Os + MgO) where the ratio is 1.4
in this case. This calculation indicates that 70%
of the mixed-layer is a kaolinite component. The
cation exchange capacity of SSG 11 was 37
meq/100g. The value is slightly higher than
expected for a 30% montmorillonite content but
closer to the 40% montmorillonite content from
the peak migration curve, although a small
amount of the montmorillonitic component in
the mixed-layer mica-montmorillonite should
also contribute to this value.

In conclusion, the 8A-phase in SSG 11 is a
mixed-layer kaolinite-montmorillonite with an
irregular stacking manner and with an approxi-
mate mixing ratio of 0.6~0.7 for the kaolinite
component. Similar conclusions can be extended
to 8A-phases of soils in different horizons at the
two sites. No substantial variation in the mixing
ratio was found among those samples.

ACKNOWLEDGMENTS

We gratefully acknowledge the technical as-
sistance of D. Graham, M. Jaackimainnen, G.
C. Scott, and R. Hill. Particular thanks are due
to J. Day, Soil Research Institute, for providing
valuable soil samples. We also thank L. G.
Schultz, U.S.G.S. Denver, Colorado for kindly

Ye ]
O
Z
<€
m
o
(&)
£724
o
<
el b bbb b b b bbb Lo e Lo b ba b lg by Lo b balal 1o
4000 3400 2800 2000 1600 1200 800 400
WAVENUMBER CM -1 SRI

F1G. 2. Infrared absorption spectra of Ca-saturated specimen of the <0.2 pm clay

fraction from sample SSG 11.
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