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found almost free from impurit ies. Thus such minerals are not so Iare as

we have hitherto anticipated, and the present mineral is considered ap-

propriate for the description of its mineralogical and crystallographic

properties.
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complex mineral associations. The yonago mine now being considered is
one of the important pyrophyll ite-diaspore deposits in Japan.

The area near the ore deposit consists of fine grained sandstone and
shale intruded by porphyrite and andesite dykes. A[ of these rocks are
covered by a lava flow. The ore deposit occurs along the boundary zone
between the porphyrite and andesite dykes repracing both of these rocks.
The ore bodies consist of diaspore, cray minerals, quartz and pyrite.
Diaspore occurs as compact or powdery masses mostly cemented by
pyrophyll ite.

About eighty specimens were coilected in the area inciuding the ore
deposit, and the amounts of the minerals in each specimen were esti-
mated by r-ray analyses using an internal standard of fluorite. standard
curves were made using pure clay minerals from the other locaiit ies. The
confirmed minerals are diaspore, pyrophyll ite, quartz, sericite, kaoiinite,
halloysite, montmoril lonite, and pyrite. By plotting the result of the
qualitative estimations of these minerals except pyrite, zonar distribu-
tions were confirmed particularly with regard to ttre distributions of
diaspore, pyrophyll ite, and kaolin minerals. The center of the zonal dis-
tribution was confirmed in two difierent places; in both of which the
zonal distributions were found to be (diaspore and pyrophyll ite)_
(kaolin minerals)-( quaftz), going progressively u*uy fro- ih" ."rrr"..
The mineral names written in parentheses are those of the principal min-
erals in each zone. The boundaries between these zones u.. roi sharp,
but gradually grade into one another. Diaspore is rather more dominant
in the central area than pyrophyil ite, but in most cases both of these
minerals occur mixed with each other in various proportions. pyrite
crystals are dominant in the kaolin mineral zone. Sericite occurs in small
amounts throughout these zones, but tends to be dominant in the sil icious
zone. Montmoril lonite occurs locaily in the sil icious and kaolin mineral
zones. clay minerals showing large spacings in their powder diffraction
data are frequently noted:

Type I (specimens 11 and 63): This mineral shows a 26 A spacing and
will be discussed in detail in this report. rt occurs widely in the ore area,
particularly dominantly in the pyrophyll ite-diasp or",on",frequently as
vein-shaped masses in the pyrophyll ite bodies.

Type II (specimen 1): This mineral also shows a spacing of about 26 A
and occurs only in the kaorinite zone. Because of diff iculty.-in obtaining a
pure sample, we could not ascertain its detailed mineralogical properties,
but it seems to agree with rectorite (Bradley, 1950), or the 26 A.tay
mineral found from the Honami pyrophyll ite deposit, Nagano prefecture
(Kodama, 1958).

Type rrl (specimen 38): This is found rarely in the sil icious zone as
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thin crusts covering sil icious rock fragments. The sil icious area usually

shows brecciated structures consisting of sil icious rock fragments. Be-

cause of diff iculty in obtaining a pure sample, we could not determine its

detailed mineralogical and properties, but it seems to agree with the

aluminian mixedJayer mineral recently found from the Kamikita mine,

Aomor i  Prefecture (Sudo and Kodama, 1957).

26 A Cuv MrNnn.q,r (Tvro I)

Macroscopic properties: This mineral occurs as white compact masses

rvith greasy luster resembling the pyrophyil ite masses, and is associated

with the pyrophyll ite-diaspore zone. We could not determine its detailed

mode of occurrence, but some of it surely occurs as vein-shaped masses in

pyrophyllite bodies.
By r-ray testing, we found specimens almost free from impurit ies, and

obtained the following data from the crude specimens. Their lc-ray re-

flections consist of the clear and sharp 26 A reflection and its higher orders

except the weak 4.27h reflection which is probably due to a small

amount of impurity. On close examination oI the 26 A reflection under

various experimental conditions as studied with a slow scanning speed, or

using the internal standard of a-stearic acid, the spacing appears to vary

slightly from specimen to specimen. Basal spacings obtained from nine

reference specimens and also the mean values of each set of basal reflec-

tions are given in Table 1. From each of these mean value the 001 spac-

ings were calculated, and 26.1* 1 A was obtained as the final mean value.

Tesr-B 1. Beslr- SpecrNcs oF TIrE 26A CI,Iv-MTNERAL lRoM rnr YoN lco MrNn

o

001

001
002
005
008
0 0 . 1 0

d

zo air
1 2 5
5 0 6
3 2 5
2  . 5 7

I

6 0 s
5 0 s
3 4 s
3 4 m
3 5 s

z a  s A
1 2 8
5 1 2
3 2 4
2 5 7

0 1  s
52 vs
2 5 s
J 0 s
2 6 s

I

4 4 m
4 7 s
27 vs
40 vs
,12 vs

I

5 0 m

d

z t - o L001
oo2
005
008
00.  10

8 Mean

d

2 7  6 A z t . a  L
1,2 9
5 1 0
3 . 2 5
2 . 5 7

z t  o L
2 5 . 8
2 5 . 5
2 6 0
2 5 . 7

M e a n  2 6 . 1 1 1 A



IO72 S, SHIMODA AND T. SUDO

Worthy of notice is that the 26 A reflection is usually accompanied by
a tailed reflection on its small angle side, but we could not f ind reflections
attributable to superstructures of the 26 A ore.

Effects of heat (Table 2): The specimen analysed by r-ray diffraction
was heated at  each of  the temperatures 300o C. ,500o C. ,  700o C. ,  g00o C. ,
and 1000o c. for one hour and sealed into a glass tube immediately after
cooling, and kept in the sealed glass tube unti l i t was studied by r-rays.
rn the specimen heated at 300o c. for one hour, the 26 A reflection was
just visible, and its higher order reflections were somewhat weakened.
The 13 A reflection shifted to a 10.3 A reflection, and the 5.10 A reflec-
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r ion was replacet l  by a 5.01 A ref le t . t io . .  fhe 3.27 A ref lect ion bccame

broader, and its spacing was replaced by a slightly larger spacing of

3.29 A. In the specimen heated at 500o C., the 26 A reflection was sti l l

just visible. Its higher order reflections became weaker than in the case of

the specimen heated at 300o C. The 3.27 h reflection was replaced by a

broad reflection with a slightiy larger spacing of 3.35 A. Worthy of special

attention is that the 10 A reflection acquired a tail toward its.low angle

side. A very broad reflection at about 11.5 A could be recognized on its

tailed reflection. Such behaviour is closely similar to that of the tailed re-

flection accompanying the 10 A reflection in the crude specimen of the

Kamikita material. After heating to 700o C., the weak and broad 2.45 A

1000 5000 1000 0c

Frc. 1. D.'l '.A. curves of the 26 A clay mineral from the Yonago mine Above:

specimen in natural state. Below: specimen treated with piperidine.

reflection appeared; the intensities of the 10 A and 5 A reflection became

somewhal  more in tense,  but  the 3.34 A and 4.51 A ref lect ions bccame re-

markably intense. The tailed reflection was sti l l  confirmed. After heating

to 900o C., the intensities of the 10 A, 5 A, 4.5 A and 3.35 A are similar to

those in the specimen heated at 700o C., but the 26 A reflection as well as

the tailed reflection completely disappeared, and the very weak 19 A re-

flection appeared. In the specim-en heated at 1000o C., the reflections

were weakened, except the 4.50 A and 3.40 A reflections. The result ob-

l-ained above suggests that the 26 A spacing seems to be related to hydrous

states of the 10 A structure.
Differential thermal analysis curve: The difierential thermal analysis

curve of the specimen analysed by r-rays shows the broad endothermic
peaks at about 600o C., and also between 700' C. and 800o C., except a

clear endothermic peak between 100' C. and 200o C. (Fig. 1, above). The

specimen was soaked in piperidine for about 10 minutes, and dried on a

water-bath. The specimen thus pretreated was analysed thermally (Fig'
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1). Its thermal curve sho'r,s an additional exothermic peak between
600' C. and 700o C. as in the case of montmoril lonite or vermiculite.

Chemical composition: The specimen analysed thermally and by n-rays
was also analysed chemically. rts chemical composition is as follows;
SiO, 43.177a; AlzOs, fi.5a/6; TiO2, O.5I7o; Fe2O3, 0.267o; FeO,0.13/6;
CaO,0.52/6;  MgO, 0.657o;  K2O,2.8470;  NazO, 0.38/6;  prOs,  t r . ;  HrO
(+)  10.4870;  HrO (- )  7.757a,  Tota l ,  100.2370. I t  is  worthy of  not ice
that the mineral almost agrees with allevardite (cail lBre, Mathieu-
Sicaud, and H6nin 1950; Brindley, 1956), except that the amount of po-
tassium is slightly larger and the amount of sodium is smaller in the pres-
ent material than in the case of allevardite. The structural formula was
constructed on the basis of the number of ions in the octahedral and
tetrahedral positions a"s 12 lor the sake of comparison with that of alre-
vardite.

(Na6.16Ks szCao.oa)(Als.szFef,'oLFei-:orl4go.oE)(Si6 rrAlr sr)Orz os(OH)z nn

Treatment with water or ethylene glycol gave no unique results; they
seem to vary slightly even from portion to portion in a hand specimen.
Treatment with water always caused the 26 A reflection to be repraced
by the 29.2+ | A reflection, but treatment with ethylene glycol caused no
expansion in some specimens, yet clear expansion to about z8 A in others.
Treatment with ammonium nitrate solution (1 N) by boil ing for 10
minutes caused no remarkable change except the 26 A and 13 A reflec-
tions became somewhat broad.

X-ray analysis: fn generai, the powder reflections are somewhat
broad' and we could obtain only five basal reflections for crystallo-
graphic considerations even with a slide of well-oriented aggregates.
Therefore we could not obtain reliable data for Fourier synthesis of the
electron density or the Fourier transform (MacEwan 19.56). But we
could suggest the probabil ity of occurrences of spacings of about 10 A,
13 A,  and 16 A.

DrscussroN

The present material has mineralogical properties almost agreeing
with those of allevardite, but the following slight differences exist be-
tween them, which must be considered in drawing a conclusion:

(1) For allevardite, the largest spacing obtained was 24.12 A in air-dry
unheated material, and very many basal reflections were found. rn the
present case the r-ray powder reflections are generally broad, and only
five basal reflections are available . The 26 A spacing varies slightry from
specimen to specimen, and even from portion to portion in a hand speci-
men, and is accompanied by a tailed reflection on its low angle side. But
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we could not f ind reflections due to super-structures by the small-angle
scattering technique.

(2) The intensities of the ;r-ray powder reflections of the specimen
heated at 900o C. almost agree with the calculated intensities for the
regular pil ing of the 10 A mica clay-mineral structure and its sil icate layer.
But the 10 A reflection is stronqer than its calculated value. which im-
pl ies that  the 10 A st ructurernuy l .  a lso produced in the f i r ing product .

On this basis, it may be inferred that the 26 A spacing is not necessarily
attributed to a unique regular pil ing of the 10 A structure and its more
hydrated one, but to a more complex mixed-layer mineral; it is strongly

'l'.tsr-n 
3. OssBnvro Valurs on Spacrncs eNo IxmNsrrrns or soME Basal Rrrr,ncuoxs
Cowanro wrrrr rrrErR Clrcullrro Vlr-urs OsrerNpn lnou e RaNoou

Mrxoo-Levrn Srnucrurr or Af C lNo B*C Srnucrunrs
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suggested that the 26 A spacing is due to a random pil ing of trvo struc-
tures wi th spacings near to 26 A.

As already shown by Brindley (1956), the cell heights of the hydrated
forms of the mica clay-mineral structure are as follows:

A: 9.98 A-mica clay-mineral structure.
B: 12.48 A-potassium ions are completely replaced by a single layer

of water molecules.
C: 15.16 A-potassium ions are completely replaced by a double layer

of water molecules.
Of course these three models are ideal ones. We can consider inter-

mediate states as potassium ions are sti l l  associated with water layers.
But since the amount of potassium associated with the water layers is
small, the fluctuation of these cell heights may be small, and the prin-
cipal cell heights can be grouped at about 10 A, 13 A, and 16 A, which
were aiready suggested by Fourier-transform diagram.

Various combinations were considered and finally it was shown that
the st ructure of  a random pi l ing of  25.1A ( ,S+C) and.27.6 A ( f+C)
in equal proportions, gave the calculated intensity values nearest to ob-
served ones (Table 3). Actually, it may be more appropriate to consider
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thal some potassium is sti l l  preserved even in the B and C structures be-
cause, as shown above, it seems that the fir ing product at 900o C. is not

solely composed of a regular piling of the 10 A mica clay-mineral struc-
ture, its sil icate layer, but also of some amounts of the 10 A structure.

Worthy of special attention is that a tailed reflection appears asso-
ciated with the 10 A reflection on heating. This fact suggests that various
spacings slightly different from the 10 A spacing occur on heating, and

also suggests that dehydration did not occur uniformly throughout all

the layers on heating. Furthermore in relation to this fact, it is also

worthy of notice that effects of treatments with ethylene glycol are not

unique. This fact implies that the crystallochemical behavior of the
potassium ions is not unique; some of them are exchangeable and others
not .

OnrcrN

On the basis of the model, it seems likely that the mineral now in
question is a mica clay mineral partially altered by hydration and leach-
ing, the degree of which may vary from place to place, as shown by
variation of cell heights and organic complexes. It is believed that with
increase of hydration and leaching, potassium ions decrease and the
number of layers of water molecules increases. Thus, although potas-

sium ions are still preserved in the water layers, the amount can be ex-
pected to be less in the case of a double layer than in the case of a single
layer .  I f  the mineral  is  an a l terat ion product  of  the 10 A mica c lay min-

eral it is possible that the mineral is not necessarily represented by the
ideal model, but small amounts of potassium ions are sti l l  preserved

i n B a n d C s t r u c t u r e s .
The above statement can be supported by the mode of occurrence of

this mineral, namely, in the central area of the deposit closely associ-
ated with pyrophyll ite-diaspore which may have been formed in a

ieaching environment. In the case of the Kamikita material, the 26 A
minerals are dominant in the central area of the deposit associating with
pyrophyll ite and pyrite, and the 10 A mica clay mineral is rather dom-
inant on going outward.

Recently one of the writers emphasized the concept of the intermedi-
ate mineral in clay mineralogy (Sudo, 1957). It means a mineral which
behaves as mineral "a" in some of its properties but as mineral "b" itr

the other properties. These minerals have frequently been found between
certain principal clay minerals such as montmoril lonite and chlorite.
It is frequently noticed that some of these intermediate minerals have a
mixed-layer structure with two kinds of mineralsr Thus the present
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material may be described as an intermediate mineral, formed during
the hydration of the 10 A mica clay mineral.
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