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It is now generally accepted that species
names can be given to regularly interstratified
clay minerals, in accordance with the recom-
rnendation of the AIPEA Nomenclature Com_
mittee (Brindley & pedro 197O). In part A of
this report we suggest (1) criteria for defining
the degree of regularity of alternation of dif-
ferent layer-types that should be required to
T"ti1 u name, (2) data that should be provided
for documentation of a regular interstratification,
and (3) some examples of interstratifications
that do not merit names. In part B of the report
we apply the suggested criteria to the anaivsis
of regular interstratifications previously re-
ported in the literature, and make recommenda_
tions regarding the usage of existing names.

panr A

The Nomelclature Committee makes the
following recommendations regarding the usage
of species names for regular interstratifications.

( 1) Names should be restricted to regular
interstratifications where the kinds of layers,
their relative proportions, chemical composiiions
and regularity of interstratification have been
well documented. In determining the kinds of
layers present, it is impoftant that the swelling-
shrinking behavior of each type of layer be
demonstrated relative to water, organic solvates
and heat.

(2) In order to merit a name, an interstrati-
fication of two layer tfpes A and B should
have sufficient regularity of alternation to give
a well-defined series of at least ten 00/ sum-
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mation spacings dn = d.o * ds, for which the
suborders are integral and the even and odd
suborders have closely similar diffraction breadhs.
If any odd 00/ suborders are absent, calculations
must be given to show that their intensities are
too small to be observed. The coefficient of
variation CV of the d(OO/) values should be
less than O.75 to demonstrate adequate regular-
ity of alternation. The coefficient of varia-
tion is defined as CV : lAOs/T, where the
standard deviation for a small sample is s =

lz6,-_Vl'1''' ,r,is an individual, observed
L  n - r  l
I x d(OOl) value, X is the mean of the Xr values
and n is the number of observed X, values.

(3) Name.s should not be used for less reg-
ular interstratifications, for specimeris that de-
viate from the ideal ratio of mixing or chem-
istry or for less well documented specimens.
Instead, such specimens should be characterized
according to the information available, e.g., mi-
ca*smectiG irregular interstratification or [l: I
dioctahedral mica-dioctahedral smectitohqa.a; = 6.7,
erc.

(4) Interstratifications incorporating imper-
fect types of layers, which could not qualify for
names by themselves in the non-interstratified
state (e.9., "swelling chlorite" and "labile chlo-
rite") do not merit names. Interstratifications
with considerable inhomogeneity of layer charge
do not merit names. Interstratifications with
only a single summation peak d(0O1) = de *
d.n and no other odd suborders do not merit
narnes, because a single peak could result from
a short-range association of layers.

(5) It is not certain that single layers of
smectite or of vermiculite sandwiched between
layers of a different type in an interstratification
react in the same way as the non-interstratified
minerals would react to solvation, hydration and
dehydration tests. MacEwan & Wilson (1980)
stated that glycerol solvation of a Mg-saturated
clay gives the best differentiation between non-
swelling vermiculite and swelling. smectiten as
defined according to the present boundary be-
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tween these types of clay mineral of O.6 layer
charge per formvla unit. For interstratifications
wheie the distinction between vermiculite and
smectite may be critical, we suggest that both
glycerol and ethylene glycol solvation be used
in connection with several saturating cations.

(6) Because of the difficulty in determina-
tion, the species of smectite involved in the

definition of the species of a regular interstra-
tification should not be specified beyond its
dioctahedral or trioctahedral nature. Names so
defined are apt to be of more widespread and
practical usage than would be the case for a
more restrictive definition. Where feasible, how'
ever, the smectite species may be noted by the

investigator and uJed to characterize a parti'

cular occurrence in more detail.

Panr B

We have applied our criteria to examples of
regular interstratifications cited in the literature.
We conclude that the criteria are not unduly
restrictive, and we use our evaluations to make
recommendations regarding accePtance or
modification of existing names of species.

Aliettite

The name aliettite was given by Veniale & van
der Marel (1969) to a 1:1 regularly interstrati-
fied talc-saponite. Three occurrences have been
reported: (1) in serpentinized rocks from Monte
Chiaro in the Taro valley of Italy [Alietti &
Mejsner (1980) and earlier reports by Aliettil,
(2) in weathered serpentine from Ferriere in
the Nure valley of Italy (Veniale & van der

- Marel 1968, 1969) and (3) in Precambrian
dolomites in the Congo (Guenot 1970).

The study of Alietti & Mejsner ( 1980) for
the Monte Chiaro sample is the most rigorous.
It is shown that ten orders of basal reflections
occur in the untreated sample, with equal dif-
fraction breadths for the even and odd values.
Although three of the ten orders were un-
observed, calculation of theoretical structure-
amplitudes shows that they are too weak to be
observed. The coefficient of variation for un-
treated material is 0.04. The bulk chemical
compositions and the d values for natural, sol-
vated and heated specimens are consistent with
the authors' interpretation. The diagnostic
treatments and d values are: d(001) untreated
24.80 A, glycerol-solvated 27.1O A, heated at
600"c 9.34 A.

Recommendations: The name aliettite is justi-

fiecl according to our criteria. We suggest that

trioctahedral smectite be substituted for saponite
in the definition.

Corrensite

Corrensite was defined by Lippmann (1954)

as a regular 1:1 interstratification of triocta-
hedral chlorite and trioctahedral swelling chlo-
rite. The swelling chlorite component was
characterized as expanding from 14 A in tnict-
ness to about 18 A upon solvation with glycerol
but as resistant to collapse to 10 A ppon heat-
ing. Because swelling chlorite is believed to be
a defect form of chlorite that would not merit
a species name if it occurred by iself, we do
noi consider this definition of corrensite as
valid. In subsequent articles, Lippmann (l'956,
1960) has referred to the swelling component
in corrensite as vermiculite (swelling chlorite)
and as montmorillonite. Because different speci-
mens were involved in these latter cases, it is not
certain that the same swelling component was
involved in each.

Our analysis of over 30 literature citations of
corrensite, selected from a comprehensive bib-
liography and data compilation by PrL. Hauff,
B.A. Hayhurst and R.Y. Hanatani (in preg.)
for the U.S. Geological Survey, shows that the
predominant current usage of the .name cor-
iensite is for a 1:1 regular interstratifisation of
trioctahedral chlorite and trioctahedral smectite.
Documentation in many cases is poor, and the
swelling component has been variously - identi-
fied as smectite, montmorillonite, saponite and
vermiculite. Several of the samples have coeffi-
cients of variation below 0.75, with the even
and odd O0/ orders of equal diffraction breadth.
The data of Schlenker (1971) for corrensite
from the Middle Keuper shales and marls in
Germany are the best encountered in our survey
for documentation of the smectitic component.
It was shown that the mineral expands to 31-
32 A not only with ethylene glycol but also
with IOOVo relative humidity. Most other
studies used only ethylene glycol solvation or
used glycerol without Mg saturation. The Middle
Keupei corrensite has a mean d(O01) value of

29.1 A air dried with CV = O.57, and a mean
d(0O1) of 31.O5 A glycolated with^CV - O'61'
Corrensite collapses to 23.5-24.0 A upon heat-
ing at 550'C.

hegular 1: I interstratifisations of trioqtahe-
dral chlorite and triocmhedral vermiculite also
are known to exist. Well-documented examples
have been provided by Johnson (1964) from a
soil in Pennsylvania and by Gradusov (1969)

from an asbestos deposit in the southern Ural



Mountains. The material from Pennsylvania
gives 13 observed orders of a 28,52 A repeat
in the air-dried state, with all orders equally
sharp and a coefficient of variation of 0.23.
The Mg-saturated material does not expand
further upon solvation with ethylene glycol;
air-dried K-saturated material shrinks to V1.36
A and collapses to 24,M A upon heating at
475"C. Mg-saturated material from the Ural
Mountains does not expand beyond 28.5 A
upon solvation with glycerol or ethylene glycol.
A calculated Fourier transform and a one-di-
mensional electron-density projection both in-
dicate the regularity of alternation of the two
components for the latter specimen. The dif-
fraction patterns of both chlorite-smectite and
chlorite-vermiculite are characterized by very
low intensities for all odd orders of 001 except
the first order. for untreated material. Johnson
(1964) has calculated that the intensities of
these odd orders should be very small.

Recommendatiow: The definition of cor-
rensite should be changed to a l:1 regular in-
terstratification of trioctahedral chlorite with
either trioctahedral smectite or trioctahedral
vermiculite, the former constituting low-charge
corrensite and the latter high-charge corrensite.
Glycerol solvation of Mg-saturated material and
other methods of determining layer charge can
be used for differentiation of the two types.
A different name for high-charge corrensite
may be appropriate if future research estab-
lishes the feasibility of making a reliable distinc-
tion between the smectite and vermiculite com-
ponents.

Kulkeite

Abraham et aI. (198O\ defined kulkeite as 1:1
regular interstratification of trioctahedral chlo-
rite and talc. The mineral occurs as single
crystals in a metamorphosed evaporite sequence
in Algeria. The ideal formula is listed as Mga
Al(Si?Al)Or0(OH)ro, but a small extent of NaAl
-> Si substitution (about 0.4O atoms) takes
place in the mineral. The NaAl is assumed to
be in the talc component, similar to analyzed
discrete talc in the same rock. The authors say
that the chlorite-talc 1: I interstratification also
can be pictured as a 2:l regular alternation of
talc and brucite units.

The mean d(001) value for ten basal re-
flections is 23.715 A, with CV = 0.12. No
solvation or heating tests are mentioned. Optical
properties and cell dimensions are listed.

Recommend.ations: Tlte name kulkeite aP-
pears to be justified for a 1:1 regular inter-
stratification of trioctahedral chlorite and talc,
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but further documentation of the materiafs
behavior with respect to organic solvates and
heating is desirable.

Rectorite

From chemical analyses, cation-exchange
measurements, X-ray examination, electron mi-
croscopy and IR-absorption spectra, Brown &
Weir (1963) established, in general agrcement
with previous work by Bradley (1950), Caillbre
et al. (195O), Brindley (1956) and others, that
rectorite and allevardite are the same mineral.
The name rectorite has priority over allevardite.
The structure consists of pairs of dioctahedral
2:1 layers; alternate interlayers are mica-like
and montmorillonite-like. The nonswelling, mi-
ca-like interlayers contain about 0.85 univalent
cations per mica formula unit, and the swelling
interlayers about O.35 univalent cations per
smectite formula unit.

X-ray basal reflections up to Q0,26 for air-
dried material, O,O,22 for material heated to
5@ and gOOoC fot 24 hours and O,O,22 for
ethylene-glycol-saturated material were given by
Brindley (1956), together with one-dimensional
electron-density projections. Basal spacings for
the mineral from Allevard, France, held under
various conditions were as follows: immersed
in water 28.36 A. airdried natural state 24.63
A, after 450'C for 24 hours 19.O9 A, after
900'C for 24 hours 19'40 A, after treafinent
with ethylene glycol 26.41 A. The even and
odd 00/ orders have similar diffraction breadths,
and the coefficient of variation for the air-
dried material is O.50. More detailed study of
the component layers of rectorite from Balu-
chistan by Kodama (1966') led to the con-
clusion that the mineral consists of paragonite-
like layers and expansible layers having beidel-
litic and montmorillonitic compositions. Similar
regular interstratifications in which K is the
dominant cation in the mica component have
been reported by Pevear et al. (198O) in ben-
tonite$ from British Columbia, and in which
Ca is the dominant cation by Matsuda ar cl.
(1981) from the Sano mine, JaPan.

Recornmendations: The name rectorite is
justified for a 1: I regular interstratification of
a dioctahedral mica and dioctahedral smectite.
The kind of smectite should not be specified in
the definition. A prefix, Na-, K- or Ca- can be
used to specify the dominant interlayer cation
in the mica component.

Tarasovite

The name tarasovite was given by Lazarenko
& Korolev (1970) to a 2:1 regular interstrati-
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fication of mica layers and rectorite, which also
can be described as a 3:1 alternation of mica
and smectite layen MMMS. The mean d(O0l)
repeat is 43.81 A for 11 observed orders in the
original state, with CV = 1.73, and 46.10 A
glycolated f.or 20 observed orders, with CV =
1.08 (omitting O,0,18 as a printing error). The
material collapses to 19.5 A, witn loss of the
higher periodicity, on heating at 600"C, but re-
hydrates with time to 42 A. The authors pre-
sented results of chemical analyses, a Fourier
transform, a one-dimensional electron-densitv
projection and calculation of 00/ structure am-
plitudes to propose that the two mica layers
contain Ko.uNao.n in the interlayer regions and
have the muscovite 2Mt stacking sequence; the
mica layer in the rectorite portion contains
Nao.s(ILO)0.s, with Na and Ca as exchangeable
cations in the smectitic layer of the rectorite.

Recommendations: Although the sample has
been well documented, the degree of regular-
ity is not sufficient to warrant a species name
(coefficients of variation of 1.73 and 1.08 rela-
tive to the desired 0.75). The name can be
reserved pending discovery of a more regular
interstratification of the same type.

Tostrdite

The name tosudite was given by Frank-Kame-
netskii et al. (1965) to a 1:1 regularly inter-
stratified dioctahedral chlorite-smectite. At leasr
14 occurrences have been reported, and six
of these samples give l0 or more orders of
basal reflections. Only two samples, from Tooho,
Japan (Nishiyama et al. 1975), and Huy, Bel-
gium (Brown et al. 1974), meet the require-
ments that the coefficient of variation should
be less than,0.75 (O.33 and 0.55 respectively).
Both samples give d(001) values of 31.1 A on
glycolation and d(001) of 23.3 A on heating
at 500-650'C, although the mean d(0ol) of
the Tooho specimen under air-dry conditions
is 0.65 A larger than that of FIuy (29.47 and
28.82 A. respectively). With glycerol solvation,
the Huy sample expands to 32.2 A. Tne d(M})
values are 1.492 A for the Tooho specimen
and 1.506 A for the Huy specimen.

Recommendations: The name tosudite is
valid for a l:l regular interstratification of
chlorite and smectite that is dioctahedral on
average. Dioctahedral is defined for this pur-
pose as a total octahedral population between
6.0 and 7.0 on the basis of Oao(OH)ro for the
assemblage and a d(060) value between about
1.49 and 1.506 A. This allows a combination
of di.dioctahedral chlorite (donbassite) with

either dioctahedral or trioctahedral smectite and
of dioctahedral smectite with either di.triocta-
hedral chlorite (sudoite or cookeite) or tri,
dioctahedral chlorite (unknown to date). (In di,
trioctahedral, etc. the first designator refers to
the octahedral sheet in the 2:1 layer of chlorite,
and the second designator to the interlayer
sheet. ) .

RrrsneNcrs

ABRAHAM, K., Scnneypn, W., MnorNnecn, O. &
GEsrnr, W. (1980): Kulkeit, ein geordnetes l:1
Mixed-Layer-Mineral zwischen Klinochlor und'lalk. Fortschr. Mineral. SS (Beiheft L),4-s
(abstr.).

Ar-rETrr, A. & MEJSNSR, J. (1980): Structure of
a talc/saponite mixed-layer mineral. Clays Clay
Minerals 28, 388-390.

BRADLEv, W.F. (1950): The alternating layer se-
quence of rectorite. Amer. Mineral. 95, j90-595.

BRINDLEv, G.W. (1956): Allevardite, a swelling
doubleJayer mica mineral , Amer. Mineral. 41.
9  l -103.

& Prnno, G. (1970): Report of the AIPEA
Nomenclature Committee. AIPEA Newsletter 4.
3-4.

BnowN, G., BouncurcuoN, P, & Tnonez, l, (1974):
A lithium-bearing aluminian regular mixed layer
montmorillonite--chlorite from Huy, Belgium.
CIay Minerals 10, 135-144.

& Wrrn, A.H. ( 1963): The idenrity of recro-
rite and allevardite. Proc. Int, Clay Conf.
(Stockholm) l, 27-35; 2, 87-gO.

Cnnr,i,ns, S., MerHrru-Srceuo, A. & H6NIN, S.
(1950): Nouvel essai d'identification du min6ral
de La Table prds Allevard, l'allevardite. ^ioc.
Frang. Mindral. Crist, Bull. 73. 193-201,

FRANK-KAMENrrsxrr, V.A., LocvrNrNro, N.V. &
Dnns, V.A. (1965): Tosudite-a new mineral,
forming the mixedJayer phase in alushtite. Proc.
Int. CIay Conf. (Stockholm) 2, 181-186.

cRADUsov, B.P. (1969): An ordered trioctahedral
mixed-layer form with chlorite and vermiculite
packets. Dokl. Acad. Sci. U,SSR, Earth Sci. Sect.
t86. 140-142.

GurNor, B. (1970): Etude d'un min6ral argrleux
du type interstratifid talc-saponite trouv6 dans
le Pr6cambrien du Congo Kinshasa. Bull. Groupe
Fr. Argiles 22, 97-104.

JcruNsox, L.l. (1964): Occurrence of regularly in-
terstratified chlorite-vermiculite as a weathering
product of chlorite in a soil. Amer. Mineral. 49.
5s6-s72.



Kooalra, H. (1966): The nature of the component
layers of rectorite. Amer. Mineral. 51, 1035-
1055.

LAZARENKo, E.K. & Konor.nv, Yu. M. (1970):
Tarasovite, a new dioctahedral ordered inter-
layered mineral. Zap, Vses. Mineral. Obshchest.
99, 214-224 (Engl. transl. by M. Fleischer).

Llrrr"reNr, F. (1954): iiber einen Keuperton von
Zaiserweiher bei Maulbronn. Beitr. Mineral. Pe-
trog,4, l3O-134.

(1956): Clay minerals from the Riit mem-
ber of the Triassic near Gdttingen, Germany. .I.
Sed. Petrology 26, 125-139.

( 1960): Corrensit. 1z Handbuch der Min-
eralogy von C. Hintze (Eergiinzungsband II);
Neue Mineralien und Neue Mineralnamen by K.
F. Chuboda (Teil I[ 688-691).

MecEwer, D.M.C. & WnsoN, M.J. (1980): In-
terlayer and intercalation complexes of clay
minerals. Ia Crystal Structures of Clay Minerals
and Their X-ray Identification (G.W. Brindley &
G. Brown, eds.), Mon, 5, Mineralogical Society,
London.

655

M,{TsuDA, T., Nacesewe, K., Tsuzurr, Y. & HsN-
MI, K. (1981): Regularly interstratified diocta-
hedral mica-smectite from Roseki deposits in
Japan. Clay Minerals 16, 9l-102.

Nrsnrveul, T., Srultooa, S., Sruuosare, K. &
KeNaora, S. (1975): Lithium-bearing tosudite.
Clays CIay Minerals 29, 337-342.

PBvnen, D.R,, Wrrr-reus, V.E. & Musrog G.E.
(1980): Kaolinite, smectite, and K-rectorite in
bentonites: relation to coal rank at Tulameen,
British Columbia. Clays Clay Minerals 28, 241-
254.

Scurrrxrn, B. (1971): Petrographische Unter-
suchungen am Gipskeuper und Lettenkeuper von
Stuttgart. Oberrhein. geol. Abh. 20, 69-102.

VENTALE, F. & veN orn Menrr-, H.W. (1968): A
regular talc-saponite mixed-layer mineral from
Ferriere, Nure valley (Piacenza Province, Italy).
Contr, Mineral. Petrology 17, 237-254.

& - (1969): Identification of some
l: I regular interstratified trioctahedral clay min-
erals, Proc, Int. Clay Conf. (Tokyo) L, 233-
244.

Received October 1981.

NOMENCLATURE OF REGULAR INTERSTRATIFICATIONS


