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The crystal structure of stilpnomelane. Part III:
Chemistry and physical properties

R. A. EGGLETON AND B. W. CHAPPELL

Department of Geology, Australian National University, Canberra, A.C.T.

SUMMARY. Full chemical analysis, cell dimensions, y
refractive index, density, and infra-red absorption spec-
trum have been determincd for fourteen stilpnomelanes.
Coupled with data from previously described material
and electron probe analyses of three further samples, the
new information shows that y = 1-616+ 00047 Fe3*
—0:0037 Mg; substitution of Mn for Fe appears to have
little effect on y. For ferrostilpnomelane, D = 2:85—o-or11
Mg, for ferristilpnomelane, D = 2-89—oc-011 Mg. Cell
dimensions clearly distinguish ferro-, ferri-, and man-
ganstilpnomelanes; for ferri-stilpnomelane a = 22-03—
000446 Mg—000786 Fe** (A). A convenient approxi-
mation to the structural formula using a § subcell, is
Ko.6(MgFe?*Fe3 ) SisAl(0,0H),; 2-4 H,0.
STILPNOMELANE is unique among layer silicates
in accommodating a wide range of oxidation state
of iron without major structural change (Eggleton
and Bailey, 1965; Eggleton, 1972). This property,
coupled with its large triclinic unit cell, leads to a
complex structural formula, which in an ideal, pure
iron, ferrostilpnomelane might be rcpresented as
KsFeiq [Si63A15]0,65(OH)4s. 12H,0.
Oxidation is accompanied by the conversion
of (OH) to O, giving an extreme ferristilpnome-
lane composition KsFel§ [Sig3Alg]O, 6.36H,0.
Neither extreme has been reported. This variation
in stilpnomelane composition, as well as the sub-
stitution of Mg and Mn for Fe, produce variations
of cell dimensions, refractive index, and density; the
relation between these is reported here.

Sample descriptions. Stilpnomelane occurs in a
variety of geological environments, and specimens
have been selected from as many of these as
possible (Table 1, p. M37). Some of the material
used was described in Part I, and these samples
bear the same designation as in Part II.

1. Stilpnomelanes from greenschists: Samples B,
C, L P, Q,V, are from the Ncw Zealand Otago
schists, and are similar, in some cases almost
identical to those described by Hutton (1938).
Sample D is from British Columbia (Read, 1973); R
and W from the Coast Ranges, California.
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2. Stilpnomelanes from iron deposits: Samples A,
F, G, H, I, and J are from the Lake Superior
Precambrian Iron Formations, sample M from the
Hamersley Ranges, Western Australia, N and O
from Grythytte, Sweden.

3. Stilpnomelanes from mectal sulphide deposits:
Samples E, S, T, U, X, Y are from the Great Cobar
(N.S.W.) Mine, associated with magnetite, chlorite,
quartz, pyrrhotine, and chalcopyrite. The Cobar
occurrence was described by Rayner (1961) and his
analysis is listed in Part IT (analysis 21). New
samples were collected from drill core and from the
Great Cobar mine dump, in the hope that primary
variation in Fe3*/Fe2* ratio might be related to
associated mincralogy and indirectly to oxygen
fugacity inferrcd from such mineral pairs as pyrite-
pyrrhotine, or quartz-magnetite. It was found,
however, that the Fe3*/Fe?* ratio related to the
grain size and the length of time the core has lain in
the core yard (between 1 and 12 years). Analyses
were made of 4 Cobar stilpnomelanes; except for
Fe?* /Fe3? ratio the analyses are essentially identi-
cal (E, S, T, U). Variations in the physical properties
of these samples can therefore be related to
Fe?*/Fe** only (see, for cxample, the 6 Cobar
samples in fig. 3).

4. Stilpnomelanes from the weathering profile:
Most of the ferristilpnomelanes listed in Part 11
were recognized by their respective investigators as
surface oxidized ferrostilpnomelane. Klein (1974)
describes adjacent brown and green stilpnomelane
from iron formation, and concludes that the
dissimilar Fe3*/Fe2* ratios are primary, not the
result of weathering. There are few other sugges-
tions in the literature that ferristilpnomelane is ever
a natural primary phase. In a skarn, 12 km north of
Canberra, in the Australian Capital Territory
hedenbergite pyroxene weathers to the smectite
nontronite, which in turn breaks down to ferristil-
pnomelane. This process is clearly visible in thin
section (fig. 1) where colourless hedenbergite is
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FI1G. 2. Positions for large cations in the stilpnomelane
tetrahedral sheet. Sites A are inside a cage of tetrahedra, B
are more open.
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where the tetrahedral deficiency exceeds the inter-
layer cation charge by more than o5 per eight
tetrahedral sites (Deer et al., 1962), equivalent to a
difference of more than—4 per 72 stilpnomelane
tetrahedral sites.

As in Part I, we allocate sufficient H as (OH) in
the octahedral layer to balance the overall charge,
but we do not here distinguish H balancing octa-
hedral charge from that to balance the tetrahedral
deficiency (distinguished as (OH)~ and H* in Part
II). The remaining H is allocated as H,0. Total H
(= 72) is lower than the average listed in Part IT
(= 79), presumably from failure to oxidize all H
during water analysis.

TiO,, P,0,, and CO, are all low, and have been
neglected in calculating structural formulae.

Cell dimensions. The triclinic unit cell of stil-
pnomelane is large and unwieldy, however, because
it is pseudo-trigonal, only the edge 4 and thickness
(dgo1) of the pseudo-trigonal cell are needed to
calculate the other cell parameters. Their measure-
ment is described in Part 11

Attempts to relate cell dimensions precisely to
composition are self-defeating because of the
inevitable range of oxidation state shown by one
sample. Both a and dy,; vary with Fe** content,
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FIG. 3. a vs dyy, for stilpnomelane.
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thus a powder photograph taken using a well-
mixed sample gives broad lines. A sharp photo-
graph can be obtained by crushing a single flake,
but this flake cannot represent the analysed
material. The data plotted in fig. 3 are cell dimen-
sions determined from single flakes. The regions
of ferristilpnomelane (Fe3/Fe? > 1), ferrostil-
pnomelane, and manganiferous ferrostilpno-
melanes (ekmanites, Matkovsky, 1964, Shirozu,
1964) are clearly separated. For the eleven samples
A,B,C,D,EF G QUV,Z a(A)=2203-—
000446 Mg—000786 Fe’*, correlation = 0-9I.
For the ferrostilpnomelanes, no satisfactory re-
gressions can be established between cell para-
meter and composition. In fig. 3, the low-mag-
nesium Cobar samples S, T, U, X, Y, the three high
magnesium samples J, M, P, and the five mangani-
ferous ferrostilpnomelanes K, N, O, R, W, each
define linear trends, but the data do not permit
the establishment of more precise relations.

Refractive index. Only the y index has been
determined for these samples. For all samples the
perfect cleavage prevented the formation of an
edge suitable for the production of a normal Becke
line, and so the relative indices of grain and oil were
determined by oblique illumination. This reduces
the accuracy of these measurements to + 0-002 for
y < I7, +o0005 for y > 1-7. For some samples
(R, Q) the index range exceeds this accuracy.
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Existing graphs relating refractive index to
composition ascribe Fe** as the only variable,
and the data points scatter fairly widely (see for
example, Deer et al, 3, Fig. 26). The scatter is
caused largely by variation in Mg content, as can be
seen from fig. 4, where y is plotted against Fe**
cations. Lines of equal magnesium content calcu-
lated by linear regression for 2 variables are drawn
at intervals of 5§ Mg cations, and the Mg content of
each sample is given for comparison. Samples R
and Q have a range of refractive indices and are not
plotted. For the remaining samples, y = 1616
+0-0047Fe**" —0-0037Mg. Given a figure for Mg
this relation predicts well the ferric iron octahedral
sheet composition for most stilpnomelanes of Part
1I for which a y-index was reported by the original
author (Table II, p. M37). As with the cell dimen-
sions, the range of oxidation state of iron in a
sample prevents index measurements from being
truly representative of the material analysed. In
addition, the regression coefficients have been
calculated ignoring Al, Mn, and octahedral vacan-
cies, as well as the larger cations and water, so the
equation cannot be expected to be exact.

Refractive index y is plotted against a in fig. 5.
Lines of equal magnesium content have been
positioned by eye, with slopes determined from
reduced and oxidized samples from the same rock.
The lines of equal ferric iron have been positioned
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F1G. 4. Variation in y refractive index with composition. Subscripts to symbols are magnesium
content per forty-eight octahedral cations.
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FI1G. 5. Relation between a cell-edge, y refractive index, and octahedral layer composition.

by using fig. 4. For an unknown stilpnomelane,
figures 3, 4, and 5 allow an approximate composi-
tion to be determined from cell dimensions and y-
refractive index. Where an electron-probe analysis
is also available, the Fe**/Fe3* ratio can be
determined with more certainty.

Density. Density was determined by gradient
column, composed of methyl iodide over
bromoform. A 15 mm linear gradient was cali-
brated using grains of colemanite (2-42), quartz
(265), KMnO, (2-70), and dolomite (2-87). Wet
mineral grains around o2 mm across were dropped
in the column and their position measured by
cathetometer to +0-2 mm.

Density is dependent on cell volume and ceil
weight. The major variation in stilpnomelane cell
volume results from changes in the Fe?*/Fe3*
ratio, and from variation in Mn content (see fig. 6).
The major variation in cell weight results from
variation in Mg content, because Si and Al are
fairly constant, Mn and Fe have nearly the same
mass, and alkalis and water do not vary greatly.
Thus for samples of constant (Mn+Mg) (e.g.
Cobar samples T, S, U, E, or the manganiferous
samples C, N, O, R), density is proportional to cell

volume (fig. 7). Alternatively, the density of ferristil-
pnomelane (A, B, C,E, F, J, Q, U, V) is given by the
relation D = 2:-89—o0-011 Mg while for ferrostil-
pnomelane, D = 2:85—0-011 Mg. The figure may
be some use in estimating Mg-content of stil-
pnomelanes, provided cell data have classified the
sample as ferro-, ferri-, or mangan-stilpnomelane.

Infra-red absorption. For infra-red analysis, 25
mgm of sample were dispersed in 1 g of KBr, and
the absorption spectrum obtained on a Pye-
Unicam SP1100 spectrophotometer. In general, the
results are the same as those previously published
(Krautner and Medesan, 1969).

Fig. 8 shows infra-red absorption spectra be-
tween 400 and 1400 cm™! for four samples of
different octahedral sheet composition. The most
prominent differences between them are the
absorption at about 670 cm ™1, and the general loss
of detail with increasing Fe3*. The percentage
absorption at 670 cm™!, compared to a base
absorption at either the 620 or 8§30 transmission
maxima, correlates well (r = 0-8) with octahedral
Fe3™, except for samples J and R. The shoulder at
1190 ¢cm ! on the main Si-O absorption band loses
prominence with more than about 12 Fe**, and is
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lost in ferristilpnomelanes. Similarly, the small
absorption at 580 cm™! loses prominence with
increasing Fe3*.

Farmer (1974) assigns absorption around 670
cm™! in layer silicates to OH libration. If this
assignment is correct for stilpnomelane, the
progressive reduction in absorption can be corre-
lated with loss of octahedral (OH) with increasing
oxidation of Fe3*

Colour. Magnesium-poor ferrostilpnomelane is
brown (S, T) becoming olive green (R, P) to pale
green (J), with increasing Mg content.

Magnesium-poor ferristilpnomelane is brown-
black (E, U) becoming reddish brown with increas-
ing Mg content (B, V). Of all the samples studied
here, only the shining black specimen F lives up to
the name stilpnomelane.

Discussion

In order to use the graphs relating cell dimen-
sions to composition, a and dq,; must be deter-
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mined. This is most easily done by making use of
the pseudo-symmetry of stilpnomelane. All the T1
reflections can be indexed on a variety of subcells,
including Gruner’s monoclinic cell (1937). The
simplest practice is to use an orthohexagonal
cell with a, =ia, b, = \/5 as, ¢s = 3dgoy, index
the reflections as in Table IIl and compute
the orthohexagonal cell by least-squares refine-
ment.

The range in a and dyq, is such (29 and 5 %
respectively) that indexing by comparison with
another pattern is not straightforward; for sample
Z, doso = 1-563, for sample N it is 1596, and the
difference is sufficient that the two lines might not
be taken for the same reflection on a first compari-
son. The 060 line is always paired by the equal or
slightly weaker 063 line, and gives a good
approximation to b. The 009 and 0.0.12 lines are
easily picked at about 4 A and 3 A respectively, but
higher orders from (oo1) are too weak to detect. The
approximate g, b, and ¢ dimensions found from
these reflections give a good guide to indexing the
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F1G. 6. Variation in density with Mg content.
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other reflections, from which the cell dimensions
can be obtained by least squares.

It must be remembered, however, that the ortho-
hexagonal indexing is a convenience. There is no
actual row in reciprocal space with lattice points
separated by ~ 4 A ! displacement parallel to c*,
and the weak T2 and T3 reflections of Parts I and IT
cannot be indexed on the orthohexagonal cell.

Table III lists powder diffraction (Debye-
Scherrer) data for samples N, J, V, and Z, with
both triclinic and orthohexagonal indices. For
both indices, only one of the three superimpos-
ing lines is listed for the T1 reflections.

None of the properties of stilpnomelane ex-
amined here are indicative of any of its varied
parageneses (excepting that ferristilpnomelane
indicates oxidizing conditions). The possibility of a
structural discontinuity between ferro- and
ferristilpnomelane suggested in Part I1 is supported
by the additional data now available and plotted in
fig. 3.

The stilpnomelane structural formula is long, its
unit cell large, their combination anything but
memorable. Klein (1974) chose to simplify the
formula by calculating to eleven oxygens. From the
analyses presented here, it is recommended that any
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simplification be division by eight, giving six octa-
hedral cations and nine tetrahedral. An average
structural formula might then approximate Kg.¢
(Fe,Mg)s(SizAl(O,0H),-.2-4 H,O. There is no
unit cell corresponding to this reduced formula,

TABLE 111. Powder diffraction data for four stil-

pnomelanes
Tri- Ortho-
clinic  hexa-
indices gonal N J v z
hkl hkl I d I d I d I d
001 003 10 12+ 10 121 10 124 10 126
102 — 1 721 4 696
002 006 4 607 2 606 2 616 4 631
222
242 } - 2 551 5 544 3 542 2 540
441 - 3 477 5 474 3 470 2 469
232 - 2 438 3 434 2 432 1 429
003 009 7 405 10 402 6 4II 7 420
502
053 } — I 382 2 379 1 376 1 373
551
333
363 } — 2B 36 5B 36 3B 36 1 36
oI4
004 0012 6 3035 8 3025 3 3082 * 3I5
445 202 6 2735 7 2703 4 2691 7 2681
443 204 1 2646 1 261
446 205 10 2583 10 2558 10 2552 I0 2550
442 207 3 2442 1 2424 1 2415
447 208 8 2362 6 2344 5 2345 5 2350
441 2010 4 2202 3 218 3 2190 1 2202
448 2011 6 2121 6 2107 §5 2114 4 2126
440 2013 3 1968 1 1952 1 1967 1 1981
449 2014 3 1894 4 1885 3 1895
4.4.10 2017 4 1693 5 1686 2 1699
12.0.5 060 8 1506 8 1580 5 1570 4 1564
12.0.4 063 7 1582 7 1566 4 1558 3 1551
12.0.3 066 3 1543 3 1529 1 1523 1 517
4411 2020 3 I'520 3 I5I6 I 1530
12.0.2 069 I 1485 1 I471 I 1467
443 2022 2 I420 3 TI'4I5 1 1431
1201 0612 2 I412 3 I401 1 1399
888 402 2 1377 2 1364 2 1356
887 405 4 TI345 2 1377 1 1333

* Obscured by Si-standard.

N = Manganiferous ferrostilpnomelane.
J = Magnesian ferrostilpnomelane.

V = Ferristilpnomelane,

Z = Extreme ferristilpnomelane.

however, an orthohexagonal cell with a = 545, b

= /34, dooy = 12:2 A has } the volume of the true
cell and its ¢ and b dimensions are similar to those
of other layer silicates. Because Si totals close to
eight, the basis used by Gruner (1937) to calculate
structural formulae and accepted by Deer et al.
(1962) in their tabulation of analyses, reduced
formulae are directly comparable with most of
those already in the literature.
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Eggleton and Chappell: Stilpnomelane (App.) M37

Table I. Chemical analyses and physical properties of stilpnomelane

1.3
il ? w2 R J s T 0 Q F E u 8! v ¢ A1

Si0, 44,70 46.37 42,48  45.48 48,21 44.65 44.86 44.64 45.88 45.99 44.10 43.88  45.64 44.88 44.17 42.69 46.66
ity N.D. 003 0.3  0.05 0.04 0.25 0.02 0.01 0,04 001 0.48 002 <0.07 0.52 0.05 0.0 0.0
A, 0, 6.10 6.30 6.28 592 4.3 623 6.7 6.29 6.3 4.98 4.89 579  6.48 6.69 6.47 558 3.92
Fep 0y 2.92  5.38 9.9 8.64 13.03 13.48 14.06 14.21 17.30 20.98 23.45 24.01 25.14 25.46 26.38 33.70 N.D.
Fe0 24.52  20.77 19.61  18.67 14.00 22,97 22.00 14.36 9.01 12.85 14.3 14.04  3.80 2.73 3.35 0.30 32.60
w0 440 0.66 3.9  4.40 0.27 0.28 0.3 4.8 069 0.59 0.27 0.24 0.6 0.53 3.05 2.43 0.34
g0 5.00 8.07 4.3 4.05 9.0 1.7 1.88 424 7.93 3.42 149 1.05  7.00 7.16 4.5  3.89 412
a0 <0.07 0.28 0.8  0.43 0.28 0.06 0.02 0.8 0.3 0.2 018 0.04 <0.07 0.79  0.58 0.13 0.5
Naz 0 0.3 0.3 000 073 0.06 0,95 1.08 0.03 0.00 0.42 0.97 077 <00 0.2 006 0.07 MN.D.
K, 0 342 258 197 1.2V 1.99 L47 1.42 2.34 227 1.40 1.8 170 0,77 1.4 120 1.81 5.49
P05 N.D 0.00 ©0.51  0.13 0.00 0.05 0.00 0.00 0,00 0.00 0.09 0.00 ND. 0.03 0.01 0.02 KD
0, N.D. 0.18 088 029 ND. 032 0.06 0.0 090 o061 0.5 014 W.0. 121 0.6 0.99 N.D.
.0 N.D. 8.87 765 7.3 B8.46 7.27 7.50 8.03 8.28 7.32 8.01 655 N.D.  8.80 817 7.83 N.D.
3 1.73
TOTAL 91.40 99.62 99.35  97.30 99.80 98.89 99.65 99.81 98.91 99.22 99.92 98.23 89.40 99.46 98.14 99.45 88.60
o 272 2.66 N.O. 2.73  2.68 2.83 2.80 2.76 2.73 2.81 2.85 2.86 2.72 272 279 2.80 N.D.
M 1.586 1.580 1.581 ~1.62  1.612 1.674 1.681 1.646 1,665 1.693 1.727 1.730 1.688 1.689 1.710 1.740 N.O.
a 2211 22.02 22.07 22,09 21.88 21.94 21.98 21.95 21.80 21.82 21.80 21.83 21.75 21.76 21.77 21.72 21.66
dooy 1204 1200 1204 12,04 1204 Tz00 12,08 1215 12,24 12,19 12,22 12,15 12,34 12,33 12,35 12.4) 12.60
si 62.7 62.8 6.8  63.8 65.2 6.9  63.7 627 63.3 651 63.3 62.9 629 6.9 62.6 60.8 653
v 9.3 9.2 0.2 8.2 68 81 83 93 87 69 83 9.1 9.1 0.1 9.4 9.4 6.5
avi 0.8 09 06 1.6 01 24 19 10 15 1.4 0.7 1.4 0.8 1.4
fe3* 31 55 7.7 9.1 132 145 15.0 5.0 8.0 22.3 25.3 2.9 2.1 26.4 281 3.1 38.2
Fez* 28.7 23.5 23.9 21.9 15.8 27.5 26.1 16.8 0.4 15z 17.2 168 44 31 40 04 O
L] 5.2 0.8 19 52 03 03 04 58 08 07 03 0.3 0.7 0.6 3.7 2.9 0.4
L) 0.4 163 107 85 183 25 4.0 89 163 7.2 32 2.2 144 147 96 82 86
ta @) 0.4 0.2 56 64 03 0.6 03 0.6 0.2 03 01 <3 1.2 03 0.z 08
Na 0.4 0.3 - 2.0 0.2 2.5 3.0 0. - 1.2 27 21 w3 03 02 0.z ND
3 6.1 45 37 2.2 34 25 26 53 40 25 27 3.1 1.3 2.7 2.2 33 07
L] 46.9 47.2 48.4  43.5 37,7 355 350 36.0 340 29.5 29.0 29.3  30.1 30.3 261 200 16.0
10 - 165 - 125 17.6 17.0 18.0 19.6 211 19.5  19.4 168 - 23 5.4 - -
zRYI 48.2  47.0 N.0.  46.3 47.7 47.2 47.4 476 47.0 46.8- 46.0 45.9  47.0 45.6 46.8 47.6  N.O.
INTER-

R . 2 5.4 42 3.9 2.3
avers &7 5.6 4l 54 44 53 56 60 52 41 60 53
ANALYST M., BMC  P.8.  BMC  BWC  B4C  BWC  BNC  P.B.  BWC  BWC  BWC N, BHC  BMC  BHC  F.K.

1. Electron Microprobe analysis, except for Fe0. 3. Fe reported as Fe0, assumed Fe3* in calculating
structural formula.
2. 0.67% Cal subtracted as apatite, 2.15% Fe,03 subtracted
as pyrite in calculating structural formula. Analyists: BWC: B.W. Chappell; NW: N. Ware;
PB: P. Beasley; FW: F. Wilkinson.

A. Crystal Falls, Minn., U.S.A. {see Part 1) N. Grythytte, Sweden. Pale green fraction

B. French Ridge, N.Z. 0. Grythytte, Sweden. Brown fraction

C. Queenstown, Otago, N.2. (cf. Hutten, 1956) P. lake Wanaka, N.Z. Green fraction

0. Poplar Ck., B.C., Canada (Read 1973, Part 1I, anal. 25) Q. Lake Wanaka, N.2. Brown fraction

E. Cobar, N.S.W., Australia {Rayner 1567 R. Llaytonville Quarry, Mendocino Co., Calif., U.S.A.
F. Cuyuna Ra., Mimn., U.S.A. S. Cobar, N.S.M., Australia. O.H. CMI501, 1425
G. Cuyuna Ra., Minn., U.S.A. (Part II, anal. 18) T. Cobar, N.S.W., Australia. D.H. CMIG, 1450"
H. Cuyuna Ra,, Minn., U.S.A. (Part 11, anal. 1) U. Cabar, N.S.W., Australia. D.H. CM14, 585

1. Cuyuma Ra., Minn., U.S.A. (Part 11, anal. 13) V. Matukituki R. N.Z.

J. Auburn Mine, Mich., U.S.A. Pale Green rosettes in quartz vein. W. Coast Ra., Calif. U.S.A.

K. Franklin, N.0., U.S.A. (Part 1I, anal. 42) X. Cobar, N.S.W., Australia. D.H. CMI3, 520'
L. Queenstown, Otago, N.Z. (Part II, apai. 8) Y. Cobar, N.S.W., Austraiia. D.H. CMI6, 1260
M. Hamersley Ra., W. Australia (Part II, anal. 1} 7. Giralang, A.C.T., Australia.

TABLE 11. Ferric irom per 48 octahedral sites for sample numbers as
reported in Part II (column 2), and as predicted from
Tefractive index and Mg content using
Fe3* = 213(y-1~616 + 0.0037 Mg) (column 3)

Sample Fe3t Sample Fedt Sample redt
2 2 2 14 8 7 26 15 24
3 3 s 15 14 12 27 26 26
6 3 s 19 20 20 28 22 26
7 1 10 20 20 22 29 20 20
8 3 4 21 26 23 30 27 26
9 8 6 22 20 22 32 25 24
10 5 9 24 21 23 34 27 29
12 9 10 25 26 25 35 30 30




