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ABSTRACT

Minnesotaite may be described by a C-centred
triclinic subcell of dimensions a, 5.623(2), b,
9.419(2), ¢, 9.624(3) A, o 85.21(3)°, B 95.64(3)°
and ¥ 90.00(2)°. Superlattice reflections extend the
cell to a=18a, b=6b, and c=12c,, although all
crystals examined to date have been twinned, and
the ¢ periodicity should be considered tentative, The
powder pattern has been indexed on the basis
of the subcell and only one line is due to supercell
reflections. The superlattice and the triclinic geo-
metry indicate that minnesotaite is not the ferrous
analogue of talc, but has a more complex structure
involving regular modulations of both the octahe-
dral and tetrahgdral sheets of a 2:1 layer at periods
of 57 to 115 A along the three axes. These struc-
tural modulations are in response to the misfit of
the latera]l dimensions of the Fe-rich octahedral
sheet with those of the Si-rich tetrahedral sheets.

Keywords: minnesotaite, talc, superlattice, X-ray
diffraction.

SOMMAIRE

La minnesotaite peut &tre décrite par une maille
triclinique & face C centrée: a, 5.623(2), b, 9.419(2),
c, 9.624(3) A, o 85.21(3)°, B 95.64(3)°, v 90.00
(2)°. La maille du surréseau a—18a,, b=6b, ¢c=
12¢,, permet de noter la seule réflexion du cliché
de poudre 3 laquelle la maille sous-multiple a,b.c,
ne donne pas d'indices entiers. Tous les cristaux
étudiés sont maclés, et la période suivant c reste
incertaine. Le surréseau et la géométrie triclinique
montrent que la minnesotaite n’est pas I'analogue
ferreux du talc: sa structure, plus complexe, com-
porte la modulation des feuillets octaédrique et
tétraédrique de la couche 2:1, le long des trois
axes, 4 des périodes allant de 57 & 115 A. Ces
modulations proviennent de Pappariement impar-
fait des dimensions latérales des feuillets: I'octaé-
drique riche en Fe, d’une part, le tétraédrique riche
en Si, d’autre part.

(Traduit par la Rédaction)

Mots-clés: minnesotaite, talc, surréseau, diffraction
X.
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INTRODUCTION

Minnesotaite is a common constituent of iron
formations that have been subjected to low-
grade regional metamorphism. It usually occurs
intermixed in fine particles with quartz, sider-
ite, iron oxides, graphite, stilpnomelane and
other iron silicates. This particle-size and inter-
mixture problem has hindered previous investi-
gations. In his original definition, Gruner (1944)
suggested that minnesotaite is the ferrous
analogue of talc. The X-ray powder patterns
of minnesotaite and talc are only superficially
similar, however, and we have been unable to
index the minnesotaite pattern on the basis of
either the 1Tc or 2M talc cells.

Blake (1965) was able to concentrate nearly
pure minnesotaite from a fracture filling within
the main iron-formation in the Cuyuna district
of Minnesota. He reported data for the density,
optical properties, differential thermal analysis,
chemical analysis and X-ray powder pattern of
this material. After the publication of these data,
he located “single” crystals measuring up to
several millimetres in diameter. X-ray studies
of these crystals are reported here.

Octahedral sheets rich in ferrous iron provide
an especially poor fit with the lateral dimen-
sions of a silicon-rich tetrahedral sheet. As a
result of this misfit, it would appear unlikely
that minnesotaite would be structurally identical
to talc even though the d(001) value of ap-
proximately 9.6 A does suggest a 2:1 layer.
Floran & Papike (1975) recognized this diffi-
culty and suggested a series between minneso-
taite and greenalite, the 1:1-layer iron ser-
pentine, that involves an out-of-plane tilting
or curling of the tetrahedral and octahedral
sheets. Greenalite has since been shown to
have a platy modification of the serpentine
structure that does not involve such out-of-
plane tilting (Guggenheim et al. 1982). In ad-
dition, it would be expected that significant
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F16, 1. The h0! X-ray precession net of minnesotaite (Mo radiation, Zr
filter, 40 kV, 18 mA, 46 hours). A few reflections are indexed accord-
ing to the subcell.

tilting as suggested by Floran & Papike should
be minimal in minnesotaite because the octa-
hedral sheet would be held under tension be-
tween the two opposing tetrahedral sheets.
Some method of structural compensation other
than curling can be anticipated as a result of
the misfit in minnesotaite.

RESULTS AND DISCUSSION

X-ray precession photographs of minneso-
taite crystals from the Cuyuna district in Min-
nesota show three types of reflections (Figs.
1-3). Weak reflections located predominantly
in areas of low sin /A are superlattice reflec-
tions indicating long periodicities. Superlattice
reflections of index k = 3n are sharp (Figs. 1,
3) and those of index k =4 3n are diffuse and
clongate parallel to Z* (Fig. 2). The strong
subcell reflections may be divided into two
groups based on intensity and degree of mosaic
spread. The stronger subcell reflections (S1
type) in Figures 1 and 2 indicate a periodicity

along the Z axis of approximately 9.6 A. The
second set (S2 type) of subcell reflections is
located approximately on the same reciprocal
lattice lines as the first set about midway be-
tween S1 reflections along Z* (Fig. 2). Precise
measurements show that these S2 reflections are
not exactly halfway between the S1 reflections,
and thus are twin reflections. Also, optical
examination of the crystals reveals several in-
dividuals. Because of the fragile nature of the
crystals and the sizes of the twin components,
however, it has not been feasible to attempt
to cut an untwinned portion. The S2 reflec-
tions have less mosaic spread than the S1 sub-
cell reflections, which indicates that the latter
are a composite of contributions from several
individuals or twin components, In addition,
the S2 reflections are weaker as a class than
the S1 type, indicating that the twin components
are not of equal volume.

Figure 3 shows the Ak0O net of minnesotaite.
This X-ray precession pattern is similar to
electron-diffraction patterns obtained in our
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Fic. 2. The pseudohexagonal equivalent of 40/ net (Mo radiation, Zr filter,
40 kV, 18 mA, 46 hours). The S2 subcell reflections are attributed to
twinning. Note that the superlattice reflections are diffuse and elongate
parallel to Z*. Two reflections are indexed according to the subcell.

study and to one published by Champness et al.
(1976), although the superlattice reflections are
intensified in the electron-diffraction patterns.
Comparison of these hkQ diffraction patterns
with that of talc shows similar spacings of the
subcell reflections in the two minerals, but an
absence of the superlattice reflections in talc.
In talc and other layer silicates, the hkO net
shows nearly hexagonal geometry, This is not
the case in minnesotaite because the lattice
geometry is triclinic and the pseudohexagonal
lateral axes are not coplanar in reciprocal space.
Hence, in the crystals we have examined by
either X-ray or electron-diffraction techniques,
slight angular errors from the true hkQ orienta-
tion produces significant variations in intensity
of certain reflections, such as 060.

The observed superlattice and the measured
triclinic interaxial angles show clearly that the
structure of minnesotaite is much more com-
plex than that of a normal layer-silicate, pre-
sumably in response to the anticipated tetra-

hedral-octahedral lateral misfit. The deviations
from the normal phyllosilicate structure may
account for the differences from the ideal fer-
rous talc composition that were observed by
Floran & Papike (1975). Dark-field electron-
optical photographs involving reflections from
the hkO net of minnesotaite from several local-
ities are featureless; there are no bands sug-
gestive of a wave-like structure.

The superlattice symmetry shown in Figures
1 and 3 indicates that the superlattice axes may
be chosen parallel to the conventional axes of a
layer silicate. Refined values of the subcell
dimensions are a. 5.623(2), b. 9.419(2), c.
9.624(3) A, o 8521(3)°, B 95.64(3)°, v~
90.00(2) °.

In evaluating the superlattice dimensions, it
has been necessary to sort out the twin super-
lattice reflections. The superlattice repeats along
X and Y are well defined owing to the presence
of strong row-lines that do not appear to be
affected by the twinning. For example, periodi-
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Fi6. 3. An X-ray precession photograph of the hk0 net. Extra reflections
occur in this photograph because of higher-level reflections passing
through the layer-line screen owing to the long periodicity along Z and
because of small unavoidable orientation errors. Indications of the effects
of such errors, for example, are the appearance of superlattice reflections
44,04, 44,0,4, 88,04 and 88,0,4 and subcell reflections 60T as well as
inconsistent relative intensities of the 400 reflections of this net as com-
pared to Figure 1. A few reflections are indexed in the photograph ac-
cording to the subcell (Mo radiation, Zr filter, 40 kV, 18 mA, 96 hours).

cities of ¢ = 9a, and ¢ = 3¢, are evident in
Figure 1 and of ¢ = 9a, and b = 1b, on
Figure 3. The lateral repeats must be increased
toa = 184, = 101.21 A and b = 6b, = 56.51
A as a result of superlattice row-lines on pre-
cession photographs (not illustrated) involving
the subcell zones [110]* and [1T0]*. The repeat
along Z, however, depends on individual re-
flections, some of which are diffuse and elon-
gate, on these row lines. In our best judgment,
the latter superlattice-repeat is ¢ = 12¢, =
115.5 A, but this value should be considered
tentative because of both the nature of the re-
flections and the possibility of inadvertently in-
cluding some twin reflections.

In order to index the powder pattern of min-
nesotaite accurately, a crystal was placed on a
FACS-1 single crystal diffractometer (MoK

radiation) for acquisition of preliminary in-
tensity-data. Subcell reflections were collected
out to 2¢ = 40° in the omega scan mode with
large scan-widths of 4.25°. In order to avoid
unnecessary scan overlap of the closely spaced
superlattice-reflections of the ¥ = 3n type,
these were collected by keeping both counter
and crystal stationary during the 40-second
counting interval. No effort was made to meas-
ure the superlattice reflections of the k =< 3n
type. Powder data were collected using a
Gandolfi camera with a calibration ring (Don-
nay & Knoepfel 1980) to determine film shrink-
age. The crystal used was reoriented nine times
and exposed to graphite-monochromatized FeK¢
radiation for 23 hours per orientation. Two
photographs were made, and measured values
were averaged. The relative intensities compare
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TABLE 1. X-RAY POWDER DIFFRACTION DATA FOR MINNESOTAITE

1 2 3
Bkl dealc(R) ops(R) /Y BRI deale(a) Yobs(r) 1o
001 9.54 9.54 100&100) ko 1ST1 e 6809)
w2 ko a7 () %0 leed
.62 Ssa(i0) . .
003 3.18 3.18 so(s0) 080 1:EEL 1ses  13(e0)
200 2.798  2.7% 2 2 1
201 2.759 2.759  b(22) 1B 1-348 )
T 2721 2721 15 LY 1sn 200
131 2662 205 3(zz) B 1343
131 2.537 2.538 25 (70) GBI 1.523 1.524 2(5)
%02 2.52 2.528 45 %1 1523
2oz 2405 32020) 55 15l 1500 sa(0)
iz 2.350 2,356 5 8 1500 .
%t o1 R S, 2(10)
. . 082 1.451 .
03 2212 2212 20 zog gz 1481
Iozas zaos o) G 1L s
13 2.051 2.050 gor 1363 .
5 5o 400 125?3 262 1321 ag g
. . %1 1.32 .
o 10z 1.913  10(10) 206 1.328
13 le22 1ee o4 X2 1360 195 8(15)
134 1.698 1.695 5(5)  331. 1 308
o }Iggg} :’ZZZ ]:(;g; 22 1380 107 ss(i0)
33 1.608 ’ 136 1.306

T calculated d values based on a 5.623(2), b 9.419(2), ¢ 9.624(3) &,
o 85.21(3)°, 8 95.64(3)°, y 90.00(2)°.

2 d values obtained with 114.6-mm Gandolfi camera using monochroma-
tic Fexo radiation (i = 1.9373 R) and the calibration ring.

3 intensity data visually estimated from the Gando1f1 photograph.
Figures in parentheses are visually estimated from a Debye-
Scherrer photograph using non-monochromatic FeXe radiation as
given in Blake (1965).

4 this reflection may be indexed on the supercell as = 18aa, bg =
6bos 25 = 1200, and has combined indices of 4,12.3, F,15.4,
4,12,0, 4,12,4 and %,12,0 (see text).

5 B broad

well with those measured with the single crystal
diffractometer, suggesting that twinning did not
greatly affect the diffractometer measurements
of subcell intensity and that the Debye-Scherrer
data reported by Blake (1965 ) may involve the
effects of preferred orientation. It appears likely
that such preferred orientation may be un-
avoidable when the sample is prepared from
ground material. The d value of 3.33 A reported
by Blake is due to the presence of graphite as
an impurity,

The indexed powder-pattern (Table 1) con-
tains mainly subcell reflections, and has been
indexed on the basis of the subcell. The weights
assigned to reflections in the least-squares cell-
parameter refinement are based on an estimate
of the quality of the d-value measurement as
primarily determined by line intensity and
sharpness. Only the line at 4.62 A is due to
superlattice reflections, Knowledge of the single-
crystal-diffractometer intensities, indices and 26
values was essential in- the indexing. In view of
the large standard errors of the supercell dimen-
sion, the indices of the 4.62 A line are tentative.
Reflections 4,12,0 and 4,12,0 are visible in Fig-
ure 3, and the other listed indices were recorded
by the single crystal diffractometer. Because
twinning does not affect a powder pattern, the
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absence of any S2 reflections on the powder
pattern is further evidence for their twin origin.

The subcell is C-centred and has triclinic geo-
metry. The supercell also is C-centered accord-
ing to the data we have observed to date. The
nets shown in Figures 1 and 3 exhibit a higher
apparent symmetry than triclinic for the super-
cell. These superlattice reflections are all of in-
dex k = 3n, and must owe their origin to a reg-
ular modulation of the octahedral sheet where all
atoms repeat at intervals of b,/3. The tetrahedral
atoms make only a minor contribution to these
reflections. The octahedral modulation must in-
fluence the geometry of the attached tetrahedral
sheet, however, and the modulation of the tetra-
hedral sheet shows up in the k £ 3n super-
lattice reflections, In other Fe-rich layer sili-
cates, such as stilpnomelane, greenalite and
zussmanite, the tetrahedral sheet is modified by
the introduction of 3- or 4-member rings into
the sheet or by inversion and relinkage of some
tetrahedra (or by both mechanisms). These
mechanisms enlarge the lateral dimensions of
the tetrahedral sheet and permit articulation
with the larger octahedral sheet. The diffuse
and elongate nature of all k¥ 54 3n reflections
in minnesotaite indicates some irregularity in
the stacking of adjacent layers along Z and in
the domain size or degree of perfection of the
tetrahedral modulation. Because of the large
size of the supercell (volume 65,508 A®), tri-
clinic symmetry and the lack of untwinned
crystals to date, the elucidation of the nature of
the modulations will be extremely difficult.
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