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Rectorite (allevardite) was recognized by Caiil~re et al. 
(1950) and Brindley (1956) as a mica-type mineral with sheets 
of water molecules separating the 2:1 mica-like layers. Brown 
and Weir (1963) showed that rectorite and allevardite are the 
same mineral that consists of pairs of mica-like (high charge, 
non-swelling) and montmorilionite-like (low charge, swelling) 
layers. Kodama (1966) concluded that rectorite consists of a 
regular alternation of paragonite-like layers and expandable 
layers having beidellitic and montmorillonitic compositions. 
Weaver and Pollard (1975) reported that the mica-like layers 
generally contain interlayer Na (paragonite), but in some sam- 
ples K is the predominant cation. 

A Ca-bearing rectorite is reported here, which appears to 
be an interstratified Ca-paragonite/beidellite, from the Tooho 
mine, Aichi Prefecture, Japan. 

MATERIAL AND METHODS 

The specimen originated from the Tooho mine ("reseki"  
deposit), Aichi Prefecture, Japan. This deposit was formed by 
hydrothermal alteration of andesitic country rock. The dom- 
inant clay minerals in this deposit are pyrophyllite, interstrat- 
ified mica/smectite, and mica, which are concentrated in cen- 
tral, intermediate, and marginal zones, respectively. The 
rectorite material occurs in a part of the zone of interstratified 
mica/smectite that has been altered by later hydrothermal ac- 
tivity to a brittle clayey material containing small veinlets of 
dickite, fluorite, and Li-bearing tosudite (Nishiyama et al., 
1975). 

The <2-#.m fraction of the specimen was used for this study. 
The impurities in the specimen are 7% quartz, 5% tosudite, 
3% topaz, 2% pyrophyllite, 1% dickite, and -0 .2% fluorite. 
Quantitative estimations of the impurities except fluorite were 
carried out by X-ray powder diffraction intensity measure- 
ment using the method of known additions (Brindley, 1961). 
The amount of fluorite was estimated from the fluorine anal- 
ysis of the specimen using a specific ion electrode (Ingram, 
1970), after correcting for the fluorine in topaz. 

RESULTS AND DISCUSSIONS 

X-ray powder diffraction 

X-ray powder diffraction (XPD) patterns of an oriented 
specimen on a glass slide show a regular series of basal re- 
flections (Table 1). The 001 spacing of the mineral is 24.83 A 
at 58% relative humidity (RH), and the sequence of the basal 
reflections (standard deviation, o- = 0.18) was as good as 
those of other rectorites (Table 2); therefore this mineral can 
be described as a 1:1 regular interstratification resembling rec- 
torite. 

After the mineral was treated with Mg 2+ and ethylene glycol 
(EG), better integral series of the basal reflections having 
d-spacings of 24.40 and 26.50 A,, respectively, were observed. 
This means that each expandable layer in the mineral behaved 
homogeneously. These interlayer characteristics resemble 
those of rectorite rather than the Funyu material described by 
Shimoda et al. (1974) in which the integral series became less 
integral after such treatments (Table 2). After KCI treatment, 
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the basal spacing was reduced to 22,23 A with less regularity 
(tr = 0.28) (compare the data for rectorite, Kodama, 1966). 
With EG treatment of the K§ specimen, two phases 
were observed with d-spacings of 26.7 (about 60%) and 23.8 
A~ (about 40%), which correspond respectively to two and one 
layers of ethylene glycol in the interlayer position. 

Table 3 shows the observed and calculated F values of the 
XRD basal reflections of the specimen before and after various 
treatments. Relatively good agreement was obtained. One-di- 
mension Fourier syntheses calculated from the observed F 
values show the levels of the component layers of the mineral. 
The levels were measured from the midpoint of the octahedral 
sheet width on the electron density curves (Nishiyama and 
Oinuma, 1978) (Table 4). The d-spacing of the mica layer was 
9.64 A. for both the untreated and EG-treated specimens and 
9.70/~ for the specimen heated at 500~ for 1 hr. These d-sopac- 
ings are similar to those of rectorite, 9.52, 9.50, and 9.62 Afor  
the untreated, EG-treated, and 560~ allevardites 
(rectorite), respectively (Brindley, 1956), rather than to the 
mica layer of the Funyu sample whose d-spacings were 9.94 
and 9.99 A for untreated and EG-treated materials, respec- 
tively. 

Chemical composition and structural properties 

The chemical composition of the Tooho mineral, corrected 
for mineral impurities and estimated on an ignited weight ba- 
sis, is listed in Table 5. From these data the following struc- 
tural formula can be calculated: 

(Si6.27A11.73)(A13.srFeo. 13Mgo.o4Lio.ol) 
(Nao.57Cao.43Ko.16)O2o(OH)4. 

Cations exchanged by 1 N NH4 + solution amounted to 0.01% 
K20 and 0.83% CaP on an ignited weight basis (Cao.16Ko.oo2 on 
the basis of one O2o(OH)4 structural unit). 

Assuming that all interlayer cations in the expandable layer 
of the mineral are exchangeable and that the cation ratio in the 
octahedral sheets of the expandable and non-expandable lay- 
ers remains constant, the structural formula of the mica com- 
ponent of the mineral can be written as 

(Si2.rrAll.33)(All.94Fe0.06Mg0.0zLi0.01) 
(Na0.57Ca0.27K0.15)O10(OH)2 

and that of the expandable component as 

(Si3.61A10.3~)(A11.94Fe0.06Mg0.02Li0.o0(Ca0.16K0.00010(OH)2. 

These structural formulae show that the mica layer belongs 
to the margarite (Ca-mica) and the paragonite (Na-mica) series 
rather than muscovite (K-mica). This conclusion is not con- 
tradicted by the XRD data; the thickness of the mica layer and 
b0 of the mineral (9.64 and 8.916 A) match more closely those 
of paragonite (9.66 and 8.91 A.) or margarite (9.71 and 8.92 ~)  
than those of muscovite (10.0 and 9.04 A,). 

The structural formula of the mineral shows that the ex- 
pandable component is an Al-rich smectite group. The layer 
charge of the expandable layer was calculated to be -0.33 per 
O10(OH)2, and is predominantly due to tetrahedral substitu- 
tion. Therefore, the term beidellitic layer appears to be ap- 
propriate for the expandable component in this mineral. 
Schultz (1969) reported that after saturation with K § and heat- 
ing at 300~ for 30 rain, dioctahedral smectites with a total net 
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Figure 1. Electron micrograph of  the Tooho Ca-rectorite.  

layer charge of  less than  0.85/unit cell (0.425/O~0(OH)2) reex- 
panded to 17 ,~; those  with net  layer charge of more  than 0.85/ 
unit  cell did not. After  K§ and EG t rea tment ,  the 
mineral in this s tudy showed two peaks at 26.7 and 23.8 A, 
meaning  that  the  beidellitic layer consis ts  of  two distinct in- 
terlayers which are character ized by less and more  layer 
charges  than  0.43/O~0(OH)~. Simultaneously,  the basal  reflec- 
t ions became less rational after  such t rea tments ,  and some  
complicated interstratified s t ructures  may  have  due to the  het- 
e rogeneous  distribution of  layer charges  in the beidellitic lay- 
ers. 

The  predominant  interlayer cation of  the beidellitic layer 
was Ca z+, a fact verified by 001 spacing of  the mineral of  24.83 

at 58% RH and 23.5 ,~ at 35% RH,  similar to the 24.5 ,~ 
spacing of  Ca-saturated rectorite at 50% RH (Kodama,  1966). 
Fur thermore ,  Matsuda  and Nagasawa  (1977) showed that the 
Ca-saturated expandable  layer of  a regularly interstratified 
mica/smecti te  changes  from two interlayers of  water  mole- 
cules  to one with decreasing RH from 30% to 10%. 

Table 3. Observed and calculated structure factors o f  the  
(00t e) reflections of  the  Ca-rectori te before and after various 
t reatments .  

Untrealed 500~ • 1 hr Ethylene glycol 

00e [Flohs Fcal ]Flobs Fcal If lobs f~a~ 

1 66.8 85.6 14.9 13.7 68.1 89.4 
2 74.4 - 7 2 . 0  29.9 - 2 7 . 8  54.9 - 5 7 . 2  
3 - -  10.9 13.7 13.3 29.9 - 2 4 . 0  
4 12.3 1.3 45.0 - 3 1 . 3  29.2 22.4 
5 73.8 - 4 3 . 6  16.0 12.5 48.2 - 2 8 . 7  
6 - -  10.5 119.3 - 9 5 . 4  36.8 -26 .3  
7 37.4 - 3 3 . 4  - -  12.7 26.8 31.3 
8 147.6 -107 .1  - -  - 2 . 1  122.8 -103 .9  
9 14.8 17.2 - -  9.8 75.0 - 6 7 . 6  

10 18.0 13.1 67.4 93.1 32.6 22.9 
11 26.0 - 3 1 . 9  - -  8.6 - -  21.1 
12 56.0 60.5 28.2 29.1 21.7 - 2 6 . 7  
13 92.8 83.2 - -  7.2 71.4 50.7 
14 15.6 27.2 30.0 -48 .1  84.2 94.7 
15 13.1 3.7 21.2 32.2 
16 41.2 49.2 15.9 - 1 1 . 8  
17 40.4 32.4 
18 - -  8.0 
19 14.7 - 3 0 . 8  
20 47.1 - 3 5 . 8  
21 - -  7.5 
22 41.5 71.8 

Infrared and differential thermal analysis 

The OH-st re tching absorpt ion band of  the Tooho specimen 
was observed at 3643 cm -1 which is the same value as other  
rectorites.  The  absorpt ion bands  between 825 and 690 cm -1 of 
the Tooho specimen,  however ,  are distinct f rom rectorites.  
The  absorpt ion bands  of  quartz  at 800, 782, and 695 cm -1 and 
of  other  mineral  impurit ies obscured  the absorpt ion bands  of  
the Ca-rectori te in these  regions, but  it is likely that the  rec- 
torite bands  at 808 and 730 cm -~ are ambiguous  or are shifted 

Table 2. Averaged basal spacings  (A) of  the Ca-rectori te and other  related minerals .  

Untreated MgCI~ KCI 500~ EG MgCI~ + EG KCI + EG 

24.83 24.40 22.23 
A tr 0.18 0.12 0.28 

n 13 10 8 

24.63 
B o" 0.12 

n 20 

23.87 24.61 22.3 
C (tr) 0.17 0.03 1.r. 4 

n 

24.86 24.925 22.34 
D ~r 0.15 0.25 

n 11 9 

19.50 26.50 
0.28 0.07 
8 19 

19.241 26.48 
0.13 0.03 

13 16 

19.32 26.72 z 
l.r. 4 

26.81 26.71 23.80 
0.14 0.24 - -  

13 8 4 

19.55 26.74 26.605 26.86 
0.27 0.55 

13 8 

A = Ca-bearing rectorite; B = allevardite (rectorite) (Brindley, 1956); C = rectorite (Kodama,  1966); D = Funyu  sample  
(Shimoda et al., 1974); o- = [E(xi - ~)2/n]�89 n = numbers  of  measured  basal  reflections. 

550oc. 
2 600oC. 
3 Shimoda et al. (1974). 
4 Less  rational series of  diffuse reflections. 
5 Matsuda  and Nagasawa  (1977). 
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Table 4. Lattice spacings of the d(001) and component layers of the Ca-rectorite and related minerals. 
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Ca-rectorite Allevardite (rectorite) ~ Funyu sample 

Component layer Component layer Component layer 
d(OOl) d(O01) d(O0|) 

Treatment (~) Mica Exp. ~ (,~) (A) Mica Exp. ~ (/~) (A) Mica Exp. 2 (/~) 

Untreated 24.83 9.64 15.19 24.62 9.52 15.10 24.86 9.94 14.92 
EG 26.50 9.64 16.86 26.48 9.50 16.98 26.74 9.99 16.75 
500~ 19.50 9.70 9.80 19.243 9.62 9.62 

' Brindley (1956). 
2 Expandable layer. 
3 560oc. 

to lower frequencies in this material. The band at 825 cm -1, 
which is a shoulder of the 808 cm 1 band in rectorites, is dis- 
tinct in this mineral. 

Endothermic reactions were noted by differential thermal 
analysis for the Tooho specimen at 105 ~ 178 ~ and 557~ due 
to dehydration. Smectites having monovalent interlayer cat- 
ions (Na § K § show one endothermic peak at low tempera- 
ture, whereas, those having divalent interlayer cations (Ca z+, 
Mg 2§ and/or Li § show two endothermic peaks (Hendricks 
et al., 1940). Therefore the two peaks at 105 ~ and 178~ of the 
Tooho specimen are probably due to the dehydration of the 
smectite (beidellite) layer wherein Ca 2§ is the interlayer cat- 
ion. 

Electron microscopy 

A transmission electron micrograph (Figure 1) shows a very 
thin flaky habit of the mineral. Folded ribbons which are char- 
acteristic of allevardite and also of rectorite (Brown and Weir, 
1963) are rare in this sample. 

CONCLUSIONS 

The mineral from the Tooho "roseki" deposit, Aichi Pre- 
fecture, Japan is a regular 1:1 interstratification of mica and 
expandable layers. The mica layer belongs to a margarite-par- 
agonite series, whereas the expandable layer is similar to bei- 

Table 5. Chemical compositions of the Tooho specimen the 
Ca-rectorite and related minerals. 

1 2 ~ 31 41 51 
(%) (%) (%) (%) (%) 

SiOz 47.46 51.98 54.09 54.11 52.22 
TiO2 0.36 0.01 0.16 
AI203 31.52 39.35 38.48 40.38 38.81 
FezO 3 1.08 1.44 0.78 0.15 0.86 
FeO 0.66 
MgO 0.19 0.25 0.42 0.78 
CaO 2.44 3.46 1.19 0.52 2.49 
LifO 0.07 0.03 
Na20 1.68 2.43 2.69 3.87 2.42 
K20 0.76 1.08 1.31 0.29 3.02 
H20+ 7.11 
H20-  7.20 
F 0.70 

Total 100 .21  100.02 99.98 100.23 99.98 

1 = Tooho specimen containing impurities. 2 = Ca-bear- 
ing rectorite corrected for other mineral impurities. 3 = 
Allevardite (rectorite) (H~nin et al., 1954 and Brindley, 
1956). 4 = Rectorite (Kodama, 1966). 5 = Funyu sample 
(Shimoda et al., 1974). 

On an ignited weight basis. 

dellite with Ca 2+ exchange cations. Because the name rectorite 
has generally been given to regular l: 1 interstratifications of 
dioctahedral paragonite and smectite, it is convenient to de- 
scribe the Tooho mineral as a Ca-bearing rectorite. This Ca- 
bearing rectorite has not previously been reported in natural 
deposits; however, Eberl (1978) synthesized hydrothermally 
a Ca-rectorite from a Wyoming bentonite at 400~ 
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