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ABSTRACT

Chlorite flakes, particularly pure and very close
to (Al;Mg,) (Si;Al)Oy (OH)g, occur in  quartz
veins crosscutting slates of low-grade metamor-
phism at the southeastern border of the Cambro-
Tremadocian Stavelot Massif (Belgian. Ardenne).
It is a di/trioctahedral chlorite ITh polytype; the
cell parameters calculated from the diffractogram
are: a 5.238, b 9.080, ¢ 14.284 A, 8 — 97°21/, d
001=14.16, 4 060=1.513 A. The optical data are:
a 1.583, B 1.589, v 1.601, (+) 2V = 70°. The
infrared spectra and DTA curves are rather typical
of dioctahedral chlorites.

SOMMAIRE

Une chlorite en paillettes particuliérement pure
et de composition chimique trés proche de
(Al:Mg,)(Si;ADO((OH);, s'observe dans les fi-
lons de quartz recoupant les phyllades légérement
métamorphiques du massif Cambro-trémadocien de
Stavelot (Ardenne belge). I s’agit d’une chlorite
di/trioctaédrique, polytype IIb dont le diffracto-
gramme de poudre conduit aux paramétres de
maille suivants: a 5.238, b 9.080, ¢ 14.284 A, 8
= 97°21/, d 001 = 14.186, d060—1513A Les ca-
racteres optiques sont: o 1.583, 8 1.589, v 1.601,
(+) 2Vas = 70°. Le spectre infrarouge et la courbe
ATD sont typiques de chlorites dioctaédriques.

INTRODUCTION

Recent systematic investigations of the con-
tents of quartz veins of the Belgian Ardenne,
mainly outcropping in the low-grade metamor-
phic zone of the southeastern border of the
Stavelot Massif, have led to the discovery of
phyllosilicates: pyrophyllite, Mg-rich chlorites,
dickite and micas (Mélon et al. 1976). The
remarkable abundance of di/trioctahedral chlo-
rite, a new mineral species in Belgium, and the
purity of its well-crystallized flakes in Ottré
and Regné have encouraged a complete mine-
ralogical investigation.

PREVIOUS OCCURENCES

Since Sudo and his collaborators found regular
mixed-layer Al-rich chlorite-montmorillonite and
inferred the existence of dioctahedral chlorite

(Hayashi & Oinuma 1964), many occurrences
of this mineral species have been reported from
various parts of the world and from various
types of deposit. For instance, dioctahedral
chlorite has been found in hematite ores from
the Tracy mine, Michigan (Bailey & Tyler
1960), in bauxites from Saint-Paul-de Fenouil-
let, East Pyrénées (Caillére et al. 1962), in
pyrophyllite mines from Kamikita (Hayashi
& Oinuma 1964, Itaya (Henmi & Yamamoto
1965) and Shinyo, Japan (Fujii et af. 1971), in
soils from Alberni, B.C. (Brydon et al. 1961),
in sediments from Plochingen, Wiirttemberg
(von Engelhardt et al. 1962), Colorado (Schultz
1963) and Cornberg, Hesse (Miiller 1967),
in hydrothermally altered tuffs of Permian age
from Triberg (Miiller 1961), in hydrothermally
weathered arkose from Kaiserbachtal (Frenzel
& Schembra 1965), in argillaceous altered rhy-
olitic rocks from Furutdbe, Japan (Tsukahara
1964), in hydrothermally altered spodumene
and lepidolite from the Namivu pegmatite,
Mozambique (Figueiredo Gomes 1967) and in
a Sn-bearing quartz vein from Atondo, Zaire
(van Oosterwyck-Gastuche & Delien 1968).

Mineralogical properties in most reports are
generally incomplete because the dioctahedral
chlorite is fine-grained and mixed with other
minerals. Various impurities are detected by
X-ray diffraction and chemical analyses. Ther-
mal properties are reported for impure mate-
rial. Structural data have been published for a
well-crystallized specimen from the Tracy mine
(Eggleston & Bailey 1967), but Aleksandrova
et al. (1973) have considered the coarse-grained
dioctahedral chlorite described in Russia as a
more valid specimen for a structural refinement.
Drits & Lazarenko (1967) investigated such an
Al-rich chlorite but did not publish a powder
pattern.

CLASSIFICATION AND NOMENCLATURE

These minerals are commonly called diocta-
hedral chlorites in order to emphasize their
higher Al content compared to trioctahedral
chlorites. On the basis of the general formula
(A, Fe?*),- (Mg, Fe? )z+_«,(514—, 2)010(OH)s

proposed by Miiller (1963), Sudo & Sato (1966)
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considered that the dioctahedral chlorite group
is characterized by 4 € # € 5 (# is the
number of octahedral cations ) and O € » + ¥
£ 2. The trioctahedral chlorites have 5 < # £ 6
and 2 < z 4+ y <€ 4. Moreover, these authors
distinguish in the first group (1) chlorites with
a layer and an interlayer of dioctahedral nature,
and (2) chlorites in which one of these layers is
trioctahedral and the other dioctahedral. They
suggest di/dioctahedral and di/tri-(or tri/di-)
octahedral terms mainly characterized by #»
near 4 and x 4+ y near 0 and by # near 5 and
x + ¥ near 2, respectively. Eggleston & Bailey
(1967) added a third category to include im-
perfectly crystallized specimens similar to (1)
or (2) but with incomplete and swelling inter-
layers.

The nomenclature of the dioctahedral chlorite
subgroup is fraught with confusion and ambi-
guity. The pure dioctahedral mineral from
Triberg Als.2:(Siz.2Alp.s)O10(OH)s has been named
sudoite (Miiller 1963). This author has also
extended the term to the dioctadedral chlorite
group (thought to possess two dioctahedral
sheets at that time). After the structural investi-
gation of a di/trioctahedral chlorite (Al..-Mga.s)
SissAlyr) 010(OH)s from the Tracy mine, Eg-
gleston & Bailey (1967) abandoned the idea
of Miiller and proposed the same name sudoite
as a species name for a II» polytype of di/tri-
octahedral chlorite. This suggestion is generally
followed in the literature, especially by Japanese
authors. However, the conclusions of Miiller
(1963) and Eggleston & Bailey (1967) are
conflicting, and have introduced confusion
concerning mineralogical properties. The name
sudoite is presently reserved for di/trioctahedral
chlorite and the earlier name donbassite, given
by Lazarenko in 1940 (in Drits & Lazarenko
1967) designates di/dioctahedral chlorite. Al-
though that nomenclature broadens the meaning
of sudoite (Eggleston & Bailey 1967), Strunz
(1970) maintains the name sudoite as it was
proposed by von Engelhardt et al. (1962).

As confusion still exists between the names
sudoite and donbassite, the present writers have
refrained from assigning a specific name to the
mineral from the Ardenne in spite of its purity
and the numerous data that characterize it.

MINERALOGICAL DESRIPTION

The Cambro-Tremadocian Stavelot Massif is
mainly characterized by low-grade -metamor-
phic shales and slates. In quarries, shales of
upper Salmian age (Tremadocian) are com-
monly crosscut by several quartz veins contain-
ing interesting mineral associations; the oc-
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currence of a colorless chlorite had been
previously pointed out (Corin 1929, 1934).

Near Ottré village, a di/trioctahedral chlorite
has been detected in a thick quartz vein. This
chlorite is in close association with pyrophyllite,
pistachio-green ottrelite, blue grains of anda-
lusite and whitish fibres of altered davreuxite
(Fransolet & Bourguignon 1976). The pale
green mineral occurs in coarse-grained nests
or pods. The basal cleavage provides flakes
larger than Imm with a pearly lustre. Specific
gravity measurements (Berman balance) yield
2.68(3).

The same material has been collected from
dumps of an old quarry near Regné in a hand
specimen associated with quartz and hematite.
The chlorite has a finer-grained texture than
in Ottré but its color is identical and its spe-
cific gravity is 2.70(3).

CRYSTALLOGRAPHIC PROPERTIES
Powder method

In order to get a representative diffractogram
of both chlorites, specimens were purified by
careful handpicking from the richest zones
embedded in quartz or pyrophyllite, then
ground and immersed in a graduated cylinder
filled with distilled water. After one hour, the
mineral in suspension was filtered, and the
sedimented flakes ground again. This opera-
tion was repeated until a sufficient amount of
the chlorite was collected to fill an aluminum
holder for X-ray diffraction. A small part of
this fine-grained mineral was mixed with lead
nitrate as an internal standard.

The X-ray analysis of the coarse fraction
shows an identical diffractogram, free of pyro-
phyllite, kaolinite and quartz but with weaker
and broader hkl reflections for the chlorite. The
selected fraction and the coarser one were mixed
for chemical analysis. The powder diffracto-
grams were obtained with a diffractometer using
monochromatized FeKe radiation, a 14°26/
min scanning rate, and a set of 1°-2°-1° slits.

The complete powder data corrected with a
Pb(NO,), internal standard (¢ = 7.8568A), are
presented in Table 1. The relative intensities are
also provided from direct measurements on the
diffractogram, except for the 001 and 002
whose intensities have been corrected according
to Klug & Alexander (in Schoen 1962). Both
powder patterns of the Belgian chiorites are
similar and the common 060 value of 1.513 A
indicates their dioctahedral nature. There are
no significant differences between our observed
d values and those published by Eggleston &
Bailey (1967) although these authors have ob-
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TABLE 1. X-RAY POWDER DIFFRACTION DATA

OTTRE REGNE

o ° o °
hkl I/Io dobs(A) dcalc(A) I/Io dobs(A) dcalc(A)

.17 25

001 20 14.16 14 14.15 18,17
002 65  7.08 7.08 65  7.07 7.08

003 100  4.721 4.722 100 4.718 4,722
110 45 4.506 4,509 60 4.500 4.513
02 20 4.327 4.325
é;g 10 4.007 4,011 10 4.015 4.017
<5 3.829 3.823
004 60 3541 3,542 70 3.541 3.542
3 <5 3.270 3.273
005 20  2.833 2.833 30 2.834 2.833
oz¢ , <5 2.787 2.793
.615 2.616
fgj <5 2,612 { 113 s 2.013 {5e008
.543 2.543
2np 20 zsas |03 25 2.s47 {50385
133 40 2.509 2.506 50 2.511 2.508
201 45 2.499 2.499 65  2.500 2.501
132 20 2.402 2.404 25 2.407 2.404
006 10  2.361 2.361 15 2.359 2.361
202 10 2.343 2.343 15 2,345 2.345
gé; < 2268 2.266 <5 2.267 2.269

5 2.235 2.235
133 5 2,228 2.228 10 2.228 2.228

2.162

o043 <5 2160 | 5-182
007 10 2.025 2.024 15 2,024 2.024
135 15 1.995 1.987 20 1.993 1.988
206 20 1.978 1.978 25 1.979 1.977
206 5 1.870 1.870 15 1.872 1.873
135 10 1.863 1.863
138 5 1.816 1.812 10 1.815 1.813
205 5 1.802 1.803 10 1.802 1.803
008 <5 1.771 1.771 <5 1,771 1.771
207 5 1,709 1.706 <5 1,710 1.708
208 10 1.559 1,559 15 1.560 1.561
7 10 1.5 1.553 15 1.550 1.553
1.513 1.514
§§§ 25 1.513 { 112 30 1.513 { i
1.481 1.482
332 <5 l.as0 { 1rase s 1.483 { 1iiee
331 5 1.477 1.478 5 1.476 1.478
332 <5 1.439 1.438 <5 1.439 1.439
00.10 <5  1.417 1.417 <5 1.416 1.417

Diffractogram taken with monochromatized FeKa radiation
and corrected with Pb(N03)2 internal standard.

tained the pattern with a 114.6mm camera with
CuKq radiation. The diffractometer used here
with FeKq radiation allows a better resolution
of some broad reflections.

The possibility of a regular mixed-layer
dioctahedral chlorite-montmorillonite or an in-
completely crystallized interlayer material has
also been investigated. For both chlorites the
001 does not shift after ethylene glycol solva-
tion and after heating at 550°C; values between
14.14 and 14.15 A are systematically observed,
and no 30 A reflection is present. The diocta-
hedral chlorites are probably not interlayered
with swelling material,

Cell parameters

Indexing of the two diffractometer patterns
was initially based on the data of Eggleston &
Bailey (1967) in space group C2/m. The cal-
culation of cell parameters by a least-squares
procedure (Cox 1967) yields the values quoted
in Table 2. The cell parameters of the Ottré
and Regné chlorites, the Tracy mine chlorite
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TABLE 2. CELL PARAMETERS
OTTRE REGNE
-]
a (A) 5.238(1) 5.245(3)
b (4) 9.080(1) 9.083(3)
c (A) 14.284(3) 14.288(5)
B , 97°211(2") 97°271'(2")
v ah, 674 (1) 675(1)
doo1 (A) 14.16 14.15
do60 (A) 1.513 1.513
$.G.gps 2.68(3) 2.70(3)
$.Gecalc 2.68 2.67

and the dioctahedral chlorite described by Drits
& Lazarenko (1967) are similar. Morever, the
b and 060 values are here definitely different
from those characterizing Al-rich dioctahedral
chlorite of Miiller (1961, 1963). If the Tracy
mine material is considered as a di/trioctahedral
chlorite (Eggleston & Bailey 1967), the crys-
tallographic properties of Ottré and Regné
chlorites tend to indicate a di/trioctahedral
structure as well.

Intensity method

In addition to the b value used to classify
the Al-rich chlorites and to distinguish the
dioctahedral from the di/trioctahedral (Eggle-
ston & Bailey 1967), the relative intensities of
the 00! spacing reflections are used to interpret
the crystal chemistry of the sheet unit. By a
comparison of the relative intensities of the
first five 00! reflections of the two chlorites
with the models provided by Sudo & Sato
(1966), a similarity appears between Ottré and
Regné chlorites and an idealized model for a
di/trioctahedral chlorite in which only the sili-
cate sheet is dioctahedral (Table 3). However
such an observation needs some discretion, be-
cause the direct use of intensities as estimated
on a diffractogram is not accurate. One ob-
serves in both cases even after corrections a
rather low 001 intensity as compared to the
002, 003 and 004 (Table 1).

Our specimens have been X-rayed in a Debye-
Scherrer camera. The relative intensity of the
00! reflections is modified and a still better
agreement appears with the measured Tracy
mine chlorite (Eggleston & Bailey 1967).

The intensities of the two powder patterns
estimated on the diffractograms can be com-
pared with the measured intensities from the
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TABLE 3. CALCULATED AND OBSERVED
001 INTENSITIES.

001 Calculated* Observed
A B o ot Rg

001 21 100 100 20 25

002 74 37 36 65 65

003 100 25 82 100 100

004 75 38 66 60 70

005 14 14 23 20 30

* Calculated intensities (following
Sudo and Sato 1966): A. when the
layer is dioctahedral; B. when only
the hydroxyl interlayer is dioctahe-
dral; C. when both layers are dioc-
tahedral., Ot = Ottré; Rg = Regné.

powder pattern of Tracy mine chlorite and with
the calculated F values for 20! reflections
(Brown & Bailey 1962), The result of that com-
parison tends to demonstrate that the chlorites
considered di/trioctahedral could correspond
to a IT b-layer polytype. Although a single-crys-
tal technique is required (Brown & Bailey 1962),
the presence of several very weak reflections
with k¥ = 3m, as in the Tracy-mine chlorite
powder pattern and also in the Regné diffrac-
togram, indicates a regular-layer stacking. The
possibility of a regular-layer stacking and of a
regular alternation of dioctahedral and triocta-
hedral sheets has to be considered with discre-
tion. The technique here used is not suitable
for such an investigation (Sudo & Sato 1966).

CRYSTAL CHEMISTRY

Chemical composition

The chemical analysis of the X-rayed speci-
mens has been performed with 0.5g of carefully
selected material, air-dried during 2 hours at
100°C. Ti, Al, Mn, Zn, Ni, Mg, Ca, Na, K and
Li were obtained by atomic absorption with
the Perkin Elmer 603 spectrophotometer. Si
has been gravimetrically determined; the fer-
rous and ferric iron were distinguished by the
colorimetric method of Wilson (1960); H.O
was determined by the Penfield method.

The results of the chemical analyses are
shown in Table 4. It is difficult to compare
most dioctahedral chlorites, because they are
mixed with impurities such as quartz, car-
bonates, sulfates, pyrophyllite or hematite as
identified by X-ray diffraction.

In chemical composition our chlorites are
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TABLE 4. CHEMICAL COMPOSITINNS
OTTRE REGNE

1 2 3 1 2 3 4
§i0, 33,00 33.06 6.02 32,71 32.82 5.97 33,58
Al,0;  35.69 35.74 7.67 36.04 36.16 7.75 37,98
Fe,04 2.74  2.74 0.38 2.45 2,45 0.34 -
Fe0 0.24  0.24 0.04 0.05 0,05 0.01 -
Mno 0.28 0.28 0.04  0.24 0.24 0.04 -
MgO 14,07 14,09 3.82 14,30 14,35 3.89 15.02
Zn0 0.05 - - 0.09 - - -
NiO 0.09 - - 0.04 - - -
Cal n.d. - - n.d, - - -
Na,0 <0.o1* - - 0.00% - - -
X,0 0.00 - - 0.00% - - -
Li,0 0.04 - - 0.08 - - -
H,0" 13.83 _13.85 13.88 _13.93 13.42
Total 100,03 100.00 99,88 100.00 100,00
n 4.98 4.99
x+y 1.96 1.97 2
Alg 1.85 1.85 2

1. Analyst J.M. Speetjens. n.d.: not detected;%<0.005%,

2. Analyses recalculated to 100%, without minor Zn, Vi,
Li contents.,

3. Numbers of cations on the basis of 56 cationic
valences.

4. Theoretical composition for (A13Mg2)(553A1)010(0H)8.

quite similar to the Beriozovsk chlorite (Drits
& Lazarenko 1967). Because of their Al con-
tent, they are also comparable with the Kami-
kita mine material (Hayashi & Oinuma 1964);
the MgO percentage is close to the content of
the Kaiserbachtal mineral (Frenzel & Schembra
1965).

The structural formula

The concentrations of Ni, Co and Li indicated
for the chemical compositions of both di/trioc-
tahedral chlorites (Table 4) is neglected here.
These minor elements are too low in concentra-
tion and do not represent any chemical parti-
cularity. However these elements will be mean-
ingful in a further discussion dealing with the
geochemical and genetic problem.

The structural formulae are established on
the basis of 56 positive valences balancing 20
0O*" and 16 (OH)~ in a monoclinic cell with
Z = 2 (Table 4). This method has been chosen
rather than to consider the whole of the 72
cationic charges because the infrared analysis
has shown the presence of molecular H:O. That
excess of H2O is not due to vermiculitic layers
and is strongly absorbed on the sheet structure.
Sudo & Sato (1966) have also mentioned such
water in dioctahedral chlorites.

The following structural formula can be
written for the Otiré chlorite: (Als.sdMgi.0x
FeﬁfmFef,ﬂ,zMno.oz) (Sis.mAlo.gg)Om(OH)s » 0.20
H,0, its calculated density being 2.68 g.cm—3
without the assumed molecular water. The
Regné chlorite, (Alz.seMgl.g.;Feg:!-"Mno.oz) (Siz.os
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Aly.01)0:10(0OH)s » 0.22H,0, has a calculated
density of 2.67 g.cm—2. These densities are in
very good agreement with the measured values
(Table 2).

Con31der1ng the general formula (Al,Fe®*),-,
(Mg, Fe? ),, +31.(Ss-2AL)010 (OH)s proposed for
Al-rich chlorltes (Miiller 1963, Sudo & Sato
1966), the crystallochemical formulae esta-
blished above give for x + ¥, 1.96 and 1.97, and
for # (octahedral population) 4.98 and 4.99, res-
pectively. Oinuma ef al. (1972) have also sug-
gested the term Al; indicating the difference
between octahedral and tetrahedral Al in dioc-
tahedral chlorite. The value for Al; is 1.85 in
both cases. All these supplementary data, em-
ployed in the classification proposed by Sudo &
Sato (1966), Eggleston & Bailey (1967) and Oinu-
ma et al. (1972), confirm the di/trioctahedral
nature. Morever, these data are fairly note-
worthy: x + ¥, # and Al; are quite close to 2, 5
and 2, respectively. Both compositions are very
similar and agree closely with an ideal formula
(Al;Mg,) (SisAl)01(OH)s, whose theoretical
composition is given in Table 4.

The interest of the ideal composition men-
tioned above can be also emphasized in calling
attention to its particular position in the system
MgO-Al:O+SiO—H,0 commonly used in pe-
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trologic discussions (Fig. 1). Indeed, the abun-
dant well-crystallized di/trioctahedral chlorite
of Ardenne seems to constitute an important
mineral in the genesis of quartz veins in that
area and it could play a role in further investiga-
tions on experimental mineralogy of these as-
semblages.

OPTICAL PROPERTIES

The following optical properties were ob-
tained for the Ottré mineral. Because of the
good basal {001} cleavage, it was practically
impossible to measure y. With the immersion
method in oils and sodium light, « = 1.583(1)
and B8 = 1.589(1). The values correspond to
B-a = 0.006; the birefringence of (001) sec-
tions, measured with an Ehringhaus compen-
sator, is 0.007. A measurement of the birefrin-
gence with the same compensator and with the
U-stage yields y-a = 0.018 for sections paral-
lel to the optic axial plane, which value allows
us to deduce y = 1.601(5). 2Veaue of (4) 71°
is in good agreement with 2V (+) 70° *= 5°
(Mallard method). In the optic axial plane, X
lies within the (001) plane and Z is virtually
perpendicular to the cleavage flake. The Regné
di/trioctahedral chlorite, finer grained than the
Ottré specimen, does not allow a complete op-

Si0,

TALC 3.4
ENSTATITEZ1:1

SERPENTINE ¢/3:2
FORSTERITES Gt guiig™om

2:1

CORDIERITE
©2:2:5

® "110(‘]91—CHLORITOIDE "

PYROPHYLLITE

SUDOITE
2.7:3°R A1, 510,

APPHIRINE

MgO

ALO,

F16. 1. The ideal composition of phases in the system MgO—-Al,0,—Si0,—H,0
represented in a projection on the water-free triangular diagram. The
full circles indicate hydrous phases, open circles correspond to anhydrous
ones; the white star is the position of (Al;Mg,) (Si;A)O(OH)s. The com-
position of sudoite is one of those reported by Miiller (1963).
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Fi6. 2. Infrared absorption spectra of the Ottré and Regné di/trioctahedral chlorites.

INFRARED ABSORPTION SPECTRA tical .investigation, but presents the same optical

TABLE 5.
OTTRE REGNE KAMIKITA®
350 sh 355 sh
403 405
453 453
473 472 475
528 532 528
550 sh 552 sh 555
693 b 690 b 692
830 w 832 w 825
935 sh 940 sh
1000 b 1000 b 1004
1060 sh 1060 sh
1640 w 1640 w
3375 b-sh 3400 b-sh 3340
3520 3525 3520
3600 3600 3620

Frequencies in cm’1; sh = shoulder;

b = broad;

w = weak.

+« Hayashi and Oinuma (1965,1967).

characteristics, especially g = 1.589(1) and
2Vas = 70° = 5°, Both are optically identical
according to X-ray data and chemical composi-
tion.

It seems that the Ottré mineral is more similar
to the Russian material. Although the Al/Mg
ratio is quite comparable in Ottré, Regné and
Beriozovsk chlorites, the refractive indices are
very different. The number of optical measure-
ments is very small and no obvious relationship
can be observed between chemical content, low
refractive indices and optically negative sign.

INFRARED ANALYSIS

The infrared absorption spectra were regis-
tered between 4000 and 250cm™ with the Beck-
man IR-12 spectrophotometer. The pressed-
disk technique has been used for the preparation
of the two samples: 3mg chlorite were carefully
ground and mixed with 0.6g KBr. The infrared
spectra (Fig. 2) are similar to the di/trioctahe-
dral chlorite of Kamikita mine (Hayashi &
Oinuma 1964). The wavenumbers are listed in
Table 5.

The shape of the 4000-3200cm™ region (Fig.
2) and the absorption in the domain of OH’
stretching vibrations, are completely different
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Fie. 3. DTA curves of the Ottré and Regné di/trioctahedral chlorites.

from those observed for trioctahedral chlorite,
and typical of dioctahedral chlorites (Hayashi &
Oinuma 1967). Our minerals present a distinct
shoulder at 3375-3380cm™ whereas the Kami-
kita chlorite is characterized by a band at
3340cm™ (Hayashi & Oinuma 1967).

The weak absorption band at 1640cm™ ob-
viously corresponds to the bending vibrations
of H:0. It probably indicates the presence of
hygroscopic water strongly maintained in the
sheet texture as in the case of fraipontite (Fran-
solet & Bourguignon 1975).

The very large and intense band at 1000cm™
and its weak shoulder at 1060cm™ are mainly
due to Si-O stretching vibrations. Their shape
suggests the presence of Al in the tetrahedral
site (Lyon & Tuddenham 1960). Its frequency
indicates a high Al to Fe+Mg ratio (Hayashi &
Oinuma 1967). The weak shoulder that clearly
appears at about 935cm™ can probably be at-
tributed to a H-O—Al motion (Stubié¢an & Roy
1961).

According to the previous observations
(Stubi€an & Roy 1961; Hayashi & Oinuma
1965), the spectra (Fig. 2) show a weak absorp-
tion band at 830cm™ assigned to Si—~O-Al vibra-
tion and a very broad and intense one at
693cm™ due to a Si-O vibration. As for the
specimen from Kamikita mine, no band can
be observed near 730cm™ because it is probably
too weak and screened by the asymmetric

aspect of the 693cm™ band. The high value of
this absorption emphasizes the abundance of

The wavenumber of the frequency near
550cm™ has a tendency to increase with an
increasing amount of octahedral Al (Hayashi &
Oinuma 1965). Considering the data published
by these authors, the relationship between the
frequency 550cm™ and the amount of octa-
hedral Al is rather tenuous. This relationship is
only established with a poorly defined band of
the spectra. In Figure 2, smooth shoulders only
appear around 550cm™ an dthese data do not
allow a satisfactory estimation of the Al con-
tent in octahedral position.

THERMAL BEHAVIOR

Thermal analysis

The DTA curves (Fig. 3) obtained at a heat-
ing rate of 10°C/min in air show an important
endothermic peak at 650°C and a weaker one
at 810°C. They correspond to different weight
losses on the TGA curves: the strongest one
appears between 500° and 650°C and the last
one, extremely weak and not always perceptible,
between 750° and 850°C. They represent a
total loss of about 13% and must correspond
to dehydration. Two dehydroxylation reactions
start at about 550° and 780°C, respectively.
The weak exothermic peak at 860°C may be
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accompanied by another, sharper and asym-
metrical one at 830°C.

The DTA curves are rather similar to those
of other dioctahedral chlorites reported in the
literature, especially by Fujii et al. (1971) who
described a di/trioctahedral material with IIb
one-layer type. The exothermic peak appears
here at a lower temperature than for those
recorded in the literature. In fact, this doublet
at 830°-860°C also characterizes the mineral
from Saint-Paul-de-Fenouillet (Caillére et al.
1962) and from Namivu (Figueiredo Gomes
1967).

Dioctahedral chlorites with a higher Al con-
tent seem to have an earlier endothermic reac-
tion than the di/trioctahedral chlorites richer in
Mg. This hypothesis tends to confirm the sug-
gestion of Caillére & Hénin (1960), who con-
sider that the beginning of the dehydroxylation
in the octahedral sheets depends on the cations
in the usual trioctahedral chlorites. The more
Al in both layers, the lower the temperature of
this phenomenon. From the thermal behavior
of our chlorites, the beginning of two dehydroxy-
lations occurring at 550° and at 780°C tends
to show that Mg is present in the hydroxyl in-
terlayer rather than in the silicate sheet, in
which all the octahedral positions are occupied
by Al As with Cailléere & Hénin (1960), this
assumption needs further structural refinements
before inferring that in our chlorites the Mg
and Al cations are so perfectly distributed.

X-RAY INVESTIGATION OF THERMAL BREAKDOWN
ProDUCTS

A static heating for two hours in a porcelain
crucible gives the following evolution of the
specimens: at 500°C, the mineral is unchanged;
at 550°C, the 001 reflection is enhanced and its
spacing is slightly contracted to 14.12 A; at
700°C, all the reflections collapse except for
001 at 14.10 A whose intensity strongly in-
creases; between 825° and 900°C, the com-
plete disappearance of reflections shows that
all phases are amorphous; at 1000°C, spinel is
produced; at 1100°C, spinel continues to grow
whereas sapphirine slowly appears; at 1200°C,
the complete powder pattern of sapphirine can
be recognized and an additional product, a
metastable quartz-type phase (Schreyer &
Schairer 1961) is also present. At that tempera-
ture, as the d values for spinel are practically
identical to the strongest lines of sapphirine,
the presence of the former mineral is doubtful.

If the formation of a spinel phase is obvious
when Mg, accompanied by minor Fe, is avail-
able, the production of sapphirine and a high-
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quartz solid solution both at 1200°C has never
been reported in thermal investigations of such
chlorites. Schreyer & Schairer (1961) detected
that metastable high-quartz solid solution in
the system MgO-Al:0s-SiO.. The mixture of
sapphirine and a high-quartz solid solution at
1200°C is certainly of some importance in the
experimental analysis of that system and be-
cause, without a chemical analysis, an examina-
tion of the breakdown phases can help to
identify dioctahedral chlorites (Bailey & Tyler
1960).

The thermal response of 001 spacing reflec-
tion at 550°C shows no vermiculitic reaction
and is of strictly chloritic character. The tem-
perature of the dehydroxylation tends to demon-
strate a di/trioctahedral nature as far as the
hypothesis of Caillere & Hénin (1960) is re-
liable, i.e., all the octahedral positions of the
silicate layer would be occupied by Al

GENETIC PROBLEM

A complete investigation of mineral assem-
blages observed in the quartz veins from Ar-
denne will allow us to establish the conditions
of formation. Occurrences of well-developed
di/trioctahedral chlorite with a Ilb-layer type
among these associations are noteworthy for
such further genetic discussion. One can now
report that the IIb polytypes are considered as
hydrothermal in origin (Bailey & Tyler 1960;
Hayashi & Oinuma 1964; Frenzel & Schembra
1965). This general idea appears to be in good
agreement with the sparse data on the minera-
logy of these quartz veins.
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