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LITHIUM-BEARING TOSUDITE
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Abstract—Lithium-bearing tosudite was found from a brittle clayey part of the Tooho “roseki” deposit,
Aichi Prefecture, Japan. The chemical composition of the Li bearing tosudite was estimated as SiO,
41-60%, Al,O3 36:40%, Fe,05 1-82%, MgO 0-29%, CaO 0-38%, Li,O 1-04%, Na,O 0-14%;, K,0 0-38%,
H,0" 11:12% and H,O~ 6:87% from the chemical composition of a specimen with associated impuri-
ties. The Li-bearing tosudite has the regularly interstratified structure of montmorillonite and diocta-
hedral chlorite in which Li is present in a gibbsite sheet as shown in the structural formula of interlayer
cations Kg.1 6, Nag.g0, Cg.13 + 960 H,O; gibbsite sheet Li, .36, Mgo.14, Feo.45, Als.56 (OH);,.00; silicate
layer Alg.o0 (Sii3.605 Alz.a0) Os0.00 (OH) 5.00. The 2948 A refiection series of the Li-bearing tosudite
moves to 31-3 A after ethylene glycol treatment and to 23-3 A on heating to 500°C for 1hr.

INTRODUCTION

Tosudite, a regularly interstratified mineral of di or
di-trioctahedral chlorite and montmorillonite, has
been found in various localities in Japan. Tosudite
with di-trioctahedral type chlorite in its interstratifica-
tion has been found in the Kamikita mine, Aomori
Prefecture (Sudo and Kodama, 1957), the mineralized
zone at Niida, Akita Pref (Kimbara and Nagata,
1974) and the Iwami mine, Shimane Pref. (Shimoda,
1975). Tosudite having dioctahedral chlorite has been
found in the Kurata mine, Yamaguchi Pref. (Sudo
et al., 1954), the Hanaoka mine, Akita Pref. (Sudo
and Hayashi, 1956), the Uku mine, Yamaguchi Pref.
(Mitsuda, 1957), Uebi, Ehime Pref. and Izushi, Hyogo
Pref. (Kanaoka, 1968), the Takatama mine, Fukushi-
ma Pref. (Shimoda, 1969), the Igashima mine, Niigata
Pref. (Imai and Watanabe, 1972), the Hiraki mine,
Hyogo Pref,, the Hokuno mine, Gifu Pref. and Amak-
usa, Kumamoto Pref. (Kanaoka, 1975).

Recently Brown et al. (1974) reported a Li-bearing
aluminium regular mixed-layer montmorillonite-
chlorite from Huy, Belgium. In this paper we report
on a Li-bearing tosudite which has dioctahedral
chlorite in its interstratification, from the Tooho
mine, Aichi Pref., Japan.

SPECIMEN

This specimen was obtained from the Tooho “ro-
seki” deposit, Aichi Pref., Japan. The dominant clay
mineral distribution sequence in this deposit is pyro-
phyllite-allevardite-mica from the central area of
alteration of the andesitic country rock. The specimen
occurs in an allevardite area where it is altered secon-
darily to a brittle clayey part by later hydrothermal

* Geological and Mineralogical Institute, Faculty of
Science, Tokyo University of Education, Tokyo, Japan.

T Geological Survey of Japan, Nagoya, Japan.

1 Government Industrial Research Institute, Nagoya,
Japan.

activity. The brittle clayey part has small green and
white veinlets and is translucent. The specimen occurs
in the green veinlets, and the white and translucent
veinlets are composed of dickite and fluorite respect-
ively.

The specimen of green color has a high plasticity
in the presence of water due to the montmorillonite
layer (Kanaoka, 1968) and the green color is due to
the presence of iron.

The specimen used in this experiment is found in
the green veinlets closely associated with allevardite.
The impurities in the raw material were determined
quantitatively by X-ray intensity measurement using
the so-called “method of known additions” (Brindley,
1961) as 20-2%; allevardite, 3-49; dickite, 2-8%, quartz
and 1-0% fluorite.

MINERALOGICAL DATA AND DISCUSSION

Structural features of the specimen

An oriented sample shows a regular series of basal
X-ray powder diffraction reflections from a spacing
of 29-5 A (Table 1). The 295 A spacing increases to
31-1 A with ethylene glycol treatment and decreases
to 23-3 A when heated at 500°C for 1 hr. When water
is added to the heated specimen, the spacing re-ex-
pands to 29-5 A. These spacing changes resemble those
of tosudite from the Takatama mine (Shimoda, 1969)
and in pottery stone such as that from the Hiraki,
Hokuno and Amakusa mines (Kanaoka, 1975).

F-values of the (00/) reflections were calculated
from various models of a combination of chlorite and
montmorillonite layers having the structural formula
mentioned later, For the specimen heated at 500°C
for 1 hr a model was assumed in which interlayers
of montmorillonite and chlorite are completely de-
hydrated and partially dehydroxylated from the evi-
dence of ir. and DTA analyses. The results, listed
in Table 2, show good agreement between observed
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Table 1. X-ray powder diffraction data for the specimen from the Tooho mine, before and aftér various treatments

a b c d [5
hk? dO07)  d(00f) x £ 1 4(00¢) I 4(00¢) I d(00¢) 1 4(00¢) 1
&) (X) &) &) &) &)

001 294 29-4 100 276 24 231 33 29-4 83 316 100
002 14-66 2931 60 1466 100 1176 100 1507 100 15-56 49
003 9-825 29-48 26 9807 10 7766 10 10-163 03
004 7-417 2967 34 7403 87 5826 59 7460 02 7789 61
005 5905 29-53 02 5909 05 4690 14 5937 13
006 4921 29-53 92 4939 34 3-880 06 4910 16 5185 69
007 07 37 26 4154 04 4450 51
008 3-691 29-53 25 3698 74 2919 16 3-652 02 3882 42
009 3271 29-44 24 3286 81 2586 28 3276 52 3453 71
00-10 2937 29-37 27 2952 81 2332 10 2932 14 01
0011 2695 10 2:660 01 2826 28
0012 2455 29-46 05
mean 29-48 + 0-19A 2054 + 0224 2332 + 0224 2950 + 0-60A 3109 + 0-60A
d(00s)

(a) Air-dry, natural state; (b) After 1 hr at 300°C; (c) After 1 hr at 500°C; (d) Rehydration after 1 hr at 500°C;

(e) Ethylene glycol treatment.
*is calculated except the value of d(00¢).

and calculated F-values, although further modifica-
tion may be necessary for the treated samples. Figore
1 shows the electron density curves along the c-axis
of this specimen, after various treatments, calculated
by Fourier synthesis using the observed F-values and
the calculated signs. From these each component
layer spacing of chlorite and montmorillonite is ob-
tained, Table 3. The chlorite layer has a 13-9 A spacing
which does not change with ethylene glycol treatment
and heat treatment at 300°C for 1 hr. At 500°C for
1 hr the spacing changes to 136 A and the electron
density of the “gibbsite” sheet becomes low due to
dehydroxylation. The montmorillonite layer has a
156 A spacing which expands to 17-0 A with ethylene
glycol treatment. The spacing does not change at

300°C, but at 500°C the interlayer water is completely
removed and the spacing shrinks to 97 A. It re-ex-
pands to 158 A with rehydration.

The spacing of the chlorite layer of this specimen
isabout 0-4 A smaller than that of the Takatama speci-
men and rather similar to that of the Huy specimen
(Brown et al., 1974). After heating at 300°C for 1 hr
the d(001) A spacing of the specimen quickly rehyd-
rates under ambient room conditions but under drier
conditions the spacing shrunk to 244 A after the same
heat treatment. This means that the montmorillonite
layer spacing varies sensitively with humidity. There-
fore we could not easily compare the montmorillonite
layer spacing with that of other specimens.

Infrared examination shows. that the expandable

Table 2. F-value of (00¢) reflections of the specimens from the Tooho, the Takatama and the Kamikita mines,
before and after various treatments

a b c d
Tooho Ta* Kat Tooho Ta* Tooho Ta* Ka* Tooho

hk/ F, cal F, obs Fobs Fobs Fobs Fobs Fcal Fobs Fobs Fobs F, cal F ob;
001 49 48 61 57 15 25 -36 16 22 17 23 43
002 —64 100 85 89 57 99 -27 53 82 73 —46 29
003 27 23 29 41 27 62 3 7 18 20 11
004 30 35 20 49 35 17 23 26 34 28 7 8
005 18 10 9 20 10 67 64 50 27 61 9 26
006 86 88 39 131 100 99 50 13 32 30 60 37
007 22 28 59 29 39 52 99 100 148 125 14 21
008 78 62 62 62 60 124 —88 90 74 104 58 17
009 74 70 107 89 75 99 6 42 57 100
0010 —~87 83 92 100 85 -29 29 —62 58
0011 —11 32 -6 13
00-12  —41 42

(a) Air-dry, natural state; (b) After 1 hr at 300°C; (c)

After 1hr at 500°C; (d) Rehydration after 1 hr at 500°C.

Ta: The Takatama specimen. Ka: The Kamikita specimen.

* Shimoda (1969). T Sudo and Kodama (1957).
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Fig.1. Electron density curves along c-axis of the
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specimen from the Tooho mine before and after

various treatments. (a) Air-dry, natural state. (b) After 1 hr at 300°C. (¢) After 1 hr at 500°C. (d)
Rehydration after 1 hr at 500°C. (e) Ethylene glycol treatment. g, gibbsite sheet. s, silicate layer. w,
interlayer water. e, interlayer ethylene glycol.

layer in this specimen is a- normal montmorillonite
layer, rather'than a vermiculite layer, from the behav-
ior of the absorption band at 1400 cm™! assigned to
an adsorbed NH; as shown in Fig. 2 (Sato et al,
1974). That is, the adsorption band appeared on the
NH; treated specimen disappears on the K* follow-
ing NHj treated specimen.

Differential thermal analysis and thermogravi-
metric analysis patterns of the specimen are shown
in Fig. 3. The DTA curve shows a double endotherm
peak (126 and 207°C) which is attributed to dehyd-

ration of absorbed and interlayer water of the mont-
morillonite layer. An endothermic peak at 527°C is
attributed to dehydroxylation of the chlorite inter-
layer. These reactions start at lower temperatures. Ex-
othermic peaks which appear at 930 and 955°C can
be attributed to recrystallization of the specimen and
of associated dickite respectively. This specimen does
not show a clear endothermic peak due to dehyd-
roxylation of the silicate layer. These results are very
similar to those of the Takatama specimen
(Shimoda, 1969).

Table 3. Lattice spacings of d(001) and component layers of the specimens from the Tooho mine, the Takatama mine
and Huy before and after various treatments

Tooho Takatama* Huyt
Component layer Component layer
d(001) chl. mont. 4(001) chl mont. d(001)
@A) A) &) @A) A) A) &)
a 295 + 02 139 15-6 300 £ 05 145 155 289
b 295 + 02 141 154 270 + 08 145 12-5 23-8%
c 233+ 02 136 97 235+ 03 140 9-5 234
d 295+ 06 13-7 15-8
e 3111 £ 06 141 170 319 + 08 14-5 17-4% 3111

(a) Air-dry, natural state; (b) After 1 hr at 300°C; (c) After 1 hr at 500°C; (d) Rehydration after 1 hr at 500°C;

(e) Ethylene glycol treatment.
* Shimoda (1969).
315°C.
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Fig. 2. Lr. absorption spectra of the specimen from the
Tooho mine before and after treatment with NH,NO, so-
lution. (a) Air-dry, natural state. (b) After boiling in IN
NH,NO, solution for 15 min. (¢) IN KCl treatment for
22 hr at room temperature after IN NH,NOj; treatment.

Li-bearing tosudite

Chemical analysis data for the specimen in question
are listed in Table 4. The most probable chemical
composition of the specimen was calculated after sub-
tracting the chemical composition of other impurities
all of which are estimated to have ideal chemical com-
positions except allevardite. For the chemical compo-
sition of allevardite we used the analysed data of the
allevardite which occurs in the brittle clayey part
closely associated with the green veinlets of this Too-
ho deposit (Table 4). As the structure of allevardite
is similar to that of mica, it may contain Li in its
silica layer but noevidence was obtained for the presence
of Li in the allevardite structure. When the result is
compared with those of the Takatama specimen (to-
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sudite having dioctahedral chiorite layer) and the Ka-
mikita specimen (tosudite having di-trioctahedral
chlorite layer; Sudo and Kodama, 1957), the chemical
composition of this specimen resembles that of the
Takatama specimen regarding the high aluminium
and low magnesium content (Table 4). Therefore this
tosudite has a dioctahedral chlorite layer in its in-
terstratification like the Takatama specimen.
This is estimated from the d(060) spacing of 1-492 A
by X-ray powder diffraction. This specimen character-
istically contains lithium (Li,O, 1-04%) and has a
lower potassium and calcium content than that of
the Takatama specimen. It resembles the Huy speci-
men (Table 4).

To know the presence of Li as interlayer cation,
exchangeability of Li* by NH, ions was measured.
But when the specimen was dispersed in the IN
NH,Ac solution, which had been adjusted to pH 7,
at room temperature for 24 hr, exchanged Li was
0-01%, for Li,O. Even when the dispersed solution was
heated at 93°C for 30 min, the exchanged Li was only
002% for Li,O. This result shows that Li in this
specimen is nonexchangeable rather than exchange-
able and that it occupies an octahedral site of the
silicate layer and/or gibbsite sheet rather than an in-
terlayer position in the montmorillonite layer.

The d(060) spacing of this specimen increased from
14492 to 1493 A with heat treatment at 350°C for
1 hr and that of the Takatama specimen also in-
creased from 1-491 to 1492 A with the same heat
treatment, But after the Takatama specimen was
treated with IN LiCl solution, its d(060) spacing no
longer changed with the heat treatment. This result
suggests that the exchanged Li ion migrates into empty
octahedral sites of the silicate layer following heat
treatment (Calvet and Prost, 1971) and it resists an
increase in the b-dimension of the silicate layer

TEMPERATURE (°C}

s0 100 300 500 700 900 1000
{—' I i T T T T ] I

< DTA

w

z

W

o}
g 5
A
o 0
~
[
s
oo}
=

20

Fig. 3. DTA and TG curves of the specimen from the Tooho mine.
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(1) (2) 3) @) 5 (6)
(%) (%) (%) (%) (%) (VA
SiO, 44-40 47-46 41-60 42-14 39-94 39-74
TiO, 074 001
Al O, 3425 31-52 3640 3738 3317 3587
Fe, O 1-55 1-08 1-82 0-30 1-34 098
FeO 018 277
MgO 025 019 029 008 644 3-08
MnO tr.
CaO 178 244 038 1-65 1-30 006
Li,O 077 0-07 1-04 051
Na,O 044 1-68 014 015 0-52 012
K,;O 0-43 076 0-38 1-40 024 062
H,O0* 1007 7-11 11-12 11-22 11-64 1570
H,0~ 647 7-20 6-87 616 4-39
P,0; 0-08 010
069
Total 10041 99-51 100-04 100-48 100-67 99-56

(1): The Tooho specimen associating impurities. (2): Allevardite from the Tooho mine. (3):
The Tooho specimen after subtracting the chemical components of impurities. (4): The Takatama
specimen (Shimoda, 1969). (5): The Kamikita specimen (Sudo and Kodama, 1957). (6) The Huy
specimen, Mg-saturated specimen (Brown et al., 1974).

(Leonard and Weed, 1967; Lahav and Bresler, 1973).
The Li of this specimen is nonexchangeable and the
d(060) spacing expanded by the heat treatment, there-
fore the Li in this specimen is not present in interlayer
of the montmorillonite. No expansion of the d(060)
spacing by the heat treatment also indicates that the
Li may not occupy its position in octahedral sites
of the silicate layer.

From these results we estimate the structural for-
mula of this specimen as follows.

interlayer cations Kg.,6, Nag.go, Cag.iz + 9-60

H,0

gibbsite sheet Liy.36, Mgo14, Feguas, Alsse

(OH),2.00

silicate layer Alggq (Sis3.60, Alz.20) Os0.00 (OH)s.00-
As mentioned above, the correctness of this formula
is supported by the calculated F values based on this
structural formula (Table 3). The Li position in the
structure could not be determined in detail because
the structure factor is almost unaffected by Li atoms.

From these results, this specimen is a regularly
interstratified clay mineral of Li-bearing dioctahed-
ral chlorite and dioctahedral type montmorillonite.
The name tosudite has been used for a regularly inter-
stratified clay mineral of di or di-trioctahedral chlor-
ite and montmorillonite by Frank-Kamenetsky et al.
(1963). Therefore we conclude that this specimen is
a Li-bearing tosudite.
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