
COMPOSITION AND STRUCTURE OF STILPNOMELANE

JonN W. GnuNrn,
U niver sity of M innesota, M inneapolis, M innesota.

INrnotucrroN

stilpnomelane is an iron silicate which has been described from a
number of iron mining districts where it occurs usually as a vein mineral,
in iron formations, or in iron ore. Lately, however, it has been described
from Western Otago, New Zealand (g), as a constituent of chlorite_
epidote-albite schists in which it seems to be quite common. It is quite
possible that stilpnomelane is much more widely distributed than is
generally believed because only very close inspection under the micro-
scope will distinguish it from biotite in fine grained material. This
optical resemblance has been emphasized a number of times. rn the
hand specimens it occurs as curved bladed and micaceous aggregates
showing perfect basal cleavage. In color it varies from pitctr black
through greenish to brownish black. The almost golden brown
varieties have been called chalcodite, though structurally they are
stilpnomelane, as will be shown. rn hardness the mineral resembles
the chlorites, though it is much more brittle, possessing no toughness as
mica or chlorite. occasionally "hexagonal" platy basal section. ur" ,""rt
under the microscope. AII these properties make it certain that stilp-
nomelane is a close relative of the chlorites and micas, and therefore,
possesses a layer structure. Some doubt was cast on the correctness of
some of the layer structures as proposed by the writer by the work of
Ksanda and Barthl on dickite. Hendricks,2 however, has confirmed the
writer's structure o[ kaolinite. He a]so findsr that th" ,pu.. group of
dickite given by the writer is correct though the structur" oi th" irr-
dividual layer does not seem to be "quite correct." The structure of
vermiculite has also been recalculated once more by the writer and found
as published in L934 (13). It must be admitted, however, that the struc-
ture of stilpnomelane is more difficult of interpretation and is solved
only in part. Since it contains some very unusual features its publication
seems desirable at this time. The writer is indebted to Dr. w. F. Foshag
for analyzed samples and to Dr. R. B. Ellestad and Dr. Samuel Goldich
for many suggestions in connection with the chemistry of stilpnomelane.
The liberal grants of the Graduate school of the universitv of Minne-
sota have made this study possible.

1 Ksanda, c. J., and Barth, T. F. w., Note on the structure of dickite and other
clay minerals: Am. Mineral., vol. 20, p. 634,7935.

2 Hendricks, S. B., Concerning tlle crystal structure of kaolinite, AlrOB.2SiOr.2HrO,
and the composition of anauxite: Zeits. Krist., vol. 95, pp. 247_252,1936.

3 Persdhal communication.
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1. From Theodor Mine. Described in great detail by Holzner (1).
2. From Mont Chemin. Described by Jakob (7).
3. From Genoa Mine of the Mesabi range. Described by Grout and Thiel (6). This

occurrence was discovered by the present author in 1921 and the analyzed material was
available for the present investigation.

4. From Baern (Sternberg-Bennisch), Moravia. Museum specimen No. 3208 of Uni-
versity of Minnesota. Black color, pitchy to glassy luster. Light greenish brown streak.
a:1.58 +.01, t:1.677 + .004,2Y very small. Analyzed by S. Goldich in the Rock Analy-
sis Laboratory of the university of Minnesota for the present investigation. originally
described by Kretschmer (9).

5. From North Wales. Described by Hallimond (5).
6. From Westfield, Mass. Average of two analyses. Described by Shannon (3). The

original analyzed, sample No. 93438 of the u. s. National Museum was used in the present
investigation.

7. From Lambertville, N.J. Described by Shannon (4) as chalcodite. The original
analyzed samples No. 84735 and 84736 of u. S. National Museum were used in this investi-
gation.

8. From a vein at crystal Falls, Michigan. unanalyzed material. Kindly furnished by
Dr. V. L. Ayres of Hougl.rton, Mich.

Crrnlrrcer, Courosrrrow

Only the most reliable analyses were selected from the Iiterature for
the determination of the chemical composition of stilpnomelane. A new
analysis was made of the mineral from Baern bringing the total used in
this paper to seven. They are recorded in Table 1 and the specimens are
described in the accompanying paragraphs.

It will be noticed that the SiOz content is remarkably constant, but
enormous fluctuations occur in the ratios of Fe2O3:FeO. It was this
fact which had caused a former division into stilpnomelane and chal-
codite, the latter being "oxidized" stilpnomelane. Such a division is
untenable on structural grounds. Besides, in a single specimen of ap-
parently homogeneous material this oxide ratio will vary considerably.
There has also been discussion as to whether the alkalies are essential
constituents. Table 1 shows that they are not necessary though com-
monly present. CaO structurally is included in the alkalies. Their total
average content in the first five analyses is only about one fourth of
that which is commonly found in micas. The amount of H2O, with the
exception of No. 6, is fairly uniform. To arrive at a chemical formula for
the mineral the molecular ratios were computed for each occurrence.
From these the number of oxide molecules were calculated on the basis
of 32 SiOz for a unit volume. This number was chosen because it repre-
sents an approximation to the largest possible number of SiO2 in four
unit cells as will be shown. Also the theoretical proportional molecular
weights for these unit volumes were computed and are found in the bot-
tom row of Table 1. Table 2lists the proportional numbers and kinds



of positive ions in unit volumes containing these molecular weights. In

the second part oI Table 1 average values are given for the seven analy-

ses. By dividing the molecular ratio of SiOz by 32, a number is ob-

tained by which each molecular ratio is divided. The quotients represent

the oxide molecules given in column 9 (Table 1). These are multiplied by

the molecular weights of the oxides to arrive at the total average molecu-

lar weights in column 10. columns 11 and 12 show Lhe average number of

positive ions in a unit volume.
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Tlrnr,n 2. Nuunrn or. Posrrrvn Iors w e uxtr Vor.uw coNurNtNc 32 Si IoNs

Avg.
+Actual No.

in No. 4

Si
AI
Fe " '
Fe"
Mg
Mn
Ca
Na
K
H+
H _

* Actual number of ions in four unit cells of specimen No. 4 based on a theoretical

density of 2.90.

On account of the great differences in the oxidation of the iron no

signifi.cant formula is obtained unless the di- and trivalent ions are

added. Then it is cliscovered that this number is close to 29 in each

stilpnomelane.
The average comparative formula may then be written:

(K2,  Na2,  Ca)O'  16(Fe,  Mg)O'  6-7 (L l ,  Fe)zOa'32 SiO,  '2 I  T l2O

or
(OH)16(K, Na, Ca)2 (Fe, Mg, Al)zgSiezOga 13 H,O

The total HzO was reduced by 1 HrO on account of the unusually high

HzO in analysis No. 6.

DBnvonrluoN ol STTLPNoMELANE

The formula just given does not indicate the distribution of Hzo

in the structure. Jakob (7, p.312), for example, thought that the 20

per cent of total HzO which he obtained below 105oc in analysis No. 2

I
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should be separated structurally. That he was mistaken is evident from
the inspection of the two dehydration curves in Fig. 1. Mr. L. C. Arm-
strong, at the suggestion of the writer, dehydrated samples No. 3 and
No.4 in vacuo with a tensi-eudiometer as described by Hiitt ig (16).
The two curves are quite similar and show a gradual rise to 500'C. No. 4
from Baern reaches this point, however, after a somewhat greater loss of
water than No. 3. The difference may be due to the fact that sample
No. 4 was much more finely divided than No. 3. Several investigators

' '*"r"#".5)..7" 
"ru*' 

?oo" aoo"

Frc. 1. Dehydration of stilpnomelane carried out in vacuo with a teisi-eudiometer.

including L. C. Armstronga have noticed that the physical nature, espe-
cially grain size (in other words exposed surface), influences the results
somewhat as indicated. The water given off above 500oc most likely is
(OH) in the structure and comprises from f to t of the total. It is for
this and structural reasons that (oH)16 appears in the last formula above.
This also explains why stilpnomelane is stable to a temperature of 560oc,
but starts to collapse in every case above this temperature. The residues
taken from the tensi-eudiometer after complete dehydration were mag-
netic in spots, but there had been no oxidation of Feo at the exDense
of HzO as was ascertained by two analyses on sample No. 3.

a Unpublished data.

o
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DBNsnv DnrnnrulNartoNs

Unless the density of a mineral is known it is, of course' impossible

to assign the proper number of "molecules" to the unit cell' Accurate

density determinations encounter unusual obstacles in stilpnomelane.

The mineral is extremely porous between layers so that it is almost im-

possible to remove all gases. AIso it is probable that physical reactions

produce colloidal solutions on boiling in distilled water. It was noticed

for example that such solutions became opalescent and remained in

that state indefinitely. Filtering through dense papers had no effect

on them.
Three difierent methods of density determination were tried, but no

two of them produced concordant results. Centrifuging in heavy liquids

produced worthless results. Bromoform diluted with alcohol was used.

In several trials with apparently homogeneous material from Baern the

first fraction to come down had a gravity of" 2.67 while the last one

settled after dilution to 2.58. The samples of No' 3 and No. 7 behaved

in a similar manner but showed still lower values. The reasons for such

low results can only be guessed at present. Apparently the gases were

not replaced by the liquids. Determinations with the Jolly balance or

chemical balance, without any attempts to remove air bubbles' gave

higher values than these by one in the fi.rst decimal place. The highest

values were obtained with the pycnometer and water. A silica glass

pycnometer was used. The water was boiled under reduced pressure

intermittently for 15 minutes to remove any air from the samples. In

this way No.4 gave 2.87 and2.895 in two determinations. No. 3 has a

density close to 2.81.6 The sample No. 7 has such a peculiar texture that

the writer agrees with Shannon (4) that its density cannot be determined

by present methods.
One pycnometer weighing was made on a 2'4 gram sample of No. 4

with tetrahydronaphthalene (Spec. Grav.0.967 at 25'C.). This l iquid is

especially reliable with clay minerals according to Nutting (18). The

sample covered with the liquid was subjected to a partial vacuum for

over an hour to extract the air. The specific gravity corrected to 4"C

was 2.842.It is believed that the true density of No' 4 is probably close

to 2.89, the highest value obtained by any of the methods' Holzner's

determination ol 2.823 on No. 1 seems to the writer somewhat too low

for a stilpnomelane with the highest total iron content o{ the seven.

This may also be the case to a lesser extent with No. 5 which Hallimond

determined as 2.85.

5 Both corrected to 4'C.

917
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X-Rev Dara

ft is evident that no idea of the structure of such a complicated mineral
as stilpnomelane can be obtained without x-ray data. Holzner (2),
however, attempted it and thought that it probably was an interstrati-
fication of mica and chlorite units. Very recently he (10, p. aa8) discarded
this idea and mentioned units of kaolinite and mica instead. Such com-
binations had been investigated two years ago by the writer when he
began this r-ray study and had been found impossible.

The following materials were investigated by the powder method:
Nos. 3, 4,6,7, and 8, an unanalyzed sti lpnomelane. No suitable speci-
mens for any other method of r-ray analysis were discovered. Un-
fi.Itered iron radiation was used. Very good diagrams were obtained with
the type of camera described by Buerger.6 The general scattering and
darkening near the zero beam was reduced to such an extent that a faint
line No. 3 at 6 A was found which with older equipment had escaped
detection. Table 3 contains the interplanar distances and intensities of
a number of air dried and specially treated specimens. Other samples
give practically identical patterns.

The conspicuous features in the films are always the lines Nos. 1, 2,
3,5,7 ,9, and 10 which are very sharp and definite. They are undoubtedly
reflections from the basal plane with the indices as recorded. It is possible
that they need to be doubled as the unit cell may be twice as high as
assumed. The reflection No. 2 at l2.I At is several to many times as
intense as any other reflection. This, coupled with the fact that no other
reflections occur between No. 3 and No. 9 (except those indicated),
especially no medium to strong ones at about 4.8 A and 3.45 A, is of
greate-st significance. Calculations of theoretical basal reflections show
that certain layer structure combinations which are possibilities on the
basis of the chemical formula are out of the question structurally. For
example, the following are impossible:

1. Interstratification of mica and chlorite units with doot:24.2 It.
(For the structure of chlorite see reference 15.)

2. Interstratifi.cation of mica and kaolinite layers with a spacing of
door:24.2 A. lfhe kaolinite layers could be all pointing in one direction
or could be facing each other as shown in (11, Figs.2 and 3).

3. Interstratification of mica and vermiculite units (13) with a spacing
oI 24.2 A. ttris combination is also impossible for other reasons, because
on heating to 600oC, and even at much lower temperatures, a collapse
to 19.5 A would occur.

6 Am. Mineral,., vol. 21, p. 11, 1936.
7 This spacing is calculated on the basis of the average of the other basal reflections

which are much more reliable, being farther away from the zero beam,
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T.lnr,r 3. Pownnn Prrorocnepns or Srrr-pnounr,exr

Unfiltered Fe radiation. Camera Radius-57.3 mm'

4.  +Tl 4. fMgCh
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4. Interstratification of mica and nontronite layers (1a) with a spac-
ing oI 24.2 A. ttre collapse mentioned under 3 would also occur.

A number of other combinations of spacings of 12.1 A and multiples
of them were tried but always with results disagreeing entirely with ob-
served intensity measurements. In this way it was finally discovered
that the structure could possess an rc-ray period of only l2.I h, and not
a multiple of it. Also almost all the ions would need to be concentrated
in three-fourths of the space of the unit cell, leaving an almost vacant
layer-as far as ions or atoms with reflecting power are concerned-be-
tween densely populated layers. Such a condition would exist if the
pyrophyllite or talc units were spaced properly. Unit layers of these
have a thickness of about 9.2 h G2, p. a16). Since sti lpnomelane is
I2.l L thick a vacancy of 2.9 A is left which could contain some ions or
atoms not adaptable to the pyrophyllite layers proper.

The other dimensions of the unit cell are given by line No. 25 which
is the reflection of (060). A corresponding line occurs in a very similar
position in measured biotites. One other possibility for (060) might
have been No. 24 but this would have made the 6 axis somewhat longer
than found in any other similar structure. Besides in the structure
treated with MgCl2 this line No. 24 has shifted to a position which would
make the 6 axis entirely too long. With bo:9.10 A on the assumption
that the structure is pseudohexagonal, ao: 5.25 A. A monoclinic structure
with these dimensions and dsrr: 12.I2 L has a unit cell volume of 578 A3.
If we place in this volume the molecular weight of No. 4 we have the
theoretical density:

_ +294Xj.65
o:  

+xsn :3 '06+

This is evidently too high a value. Taking 2.90 as the correct one, the
number of all ions in the unit cell is reduced in the ratio of 3.06:2.9O.
The actual numbers become those recorded in the last column of Table 2.

1.7 ions of Al will be needed to completety fill the 32 available Si
positions in four pyrophyllite layers. 'Ihe actual formula divided by 2
for convenience becomes then:

(OH)8(K,  Na,  Ca)r .s(Fe,  MB, Al ) r2.6(Si ,  AI)$O44 s.4.5 H2O.

That of sti lpnomelane No.3 adjusted on the basis of densitv:2.81 is:

(OH)8(K, Na, Ca)r.r,(Fe, Mg, Al)rz.a(Si, Al)16048.4.25 HzO.

Stilpnomelane No. 5 has the adjusted formula:

(OH)8(K, Na, Ca).5(Fe, MB, Al)rr.a(Si, Al)roOrz.s.5.75 H2O.
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One half of this must be accommodated in the unit cell described. How

this may be done is shown diagrammatically in Fig. 2. There is nothing

new as far as the pyrophyllite layers are concerned. It is probable that

as the ratio of Fe": Fe"' increases, some of the (OH) positions become
occupied by O, while the hydroxyls may move between the layers to

dotted positions to satisfy the Fe ions there (Fig. 2). How far this process

can be carried out is a matter of conjecture at present.

s-e Fe , 11,/9,,4/.
cO ,  z  OH.

c  S i ,  A /
e O

vr- r Fe orK.
t - z  O  o r O H
'n-t fe orK..
o O .
+ Si, A/.
q O  +  z O H
s-o Fe.Mg,A/

Frc. 2. Proposed structure of the stilpnomelane. Part of the (OH) in the

pyrophyllite probably may be replaced by O as Fe":Fe"'increases.

The difficulty which confronts one is the location of the (Fe, Mg) and

K ions between the layers. It seems reasonable that they occupy the

positions held by K in mica, or Ca in brittle micas, only not centered be-

tween the layers (Fig.2). There is room for four such ions in the cell,

but only 2 will be needed at the most. The other two may be partially

filled by HzO. The following possibilities are considered for these ions:

1) They are all in random positions. The structure becomes a defect structure (17)'

Intensities of theoretical basal reflections are recorded under 1, Table 4.

2) The Fe ions are in positions 0.6 A distant from the oxygen layers of the SiOr sheets'

A corresponding number of O or (OH) ions are half way between sheets. Case 2,

Table 4. The somewhat difierent position of K is not considered separately in this

case.
3) The Fe and K ions are !.43 A distant from the oxygen layers of the SiOr sheets

(Fig. 2). This is about the distance of Ca ions in brittle micas. A corresponding

number of O or (OH) ions are distributed at random in this instance. Case 3,

Table 4.
4) The positive ions are distributed as in 3 but the O or (OH) ions are hall way be-

tween sheets. Dotted circles in Fie. 2.

921
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Tenrr:, 4. Tnponrrrclr, lNn Ossrn\Tn h.rrrrsrtrns or BASAI
R-nrrrcrroNs or Srtrpxourr-awr

Indices 001 008 009 0010

I
a

3
A

tt6
104
83
64

Observed
Intensiti > 1 0 0-+

Case 1 does not frt the observed intensities. It is, however, difficult to
choose between the other three. In either of the three possibilities there
would be just enough room left between the layers to take care of the
water molecules. This might be an explanation for the relative constancy
of H2O. In any case the structure may be considered a new type.

ExpBnrunNrs oN BASE ExcuaNcn AND SrABrLrry

Holzner8 was the first to point out the fact that thalliurn easily replaces
potassium in stilpnomelane. The writer boiled sample No. 4 four hours
in a solution of TlNOs. The analyses of the alkalies afterwards were
Tl2O: 6.25, KzO:0.29, Na2Q:0.15. The specific gravity had increased
to 3.00. Theoretically it should have been 3.014. The r-ray data Ior
this treated material are recorded in Table 3. There are no appreciable
changes in the positions and intensities of the lines, indicating, therefore,
possibly random positions for the heavy Tl ions.

Other experiments dealt with the replacement of Fe by Mg for a
possible clue to the structure of stilpnomelane. The mineral No. 4 was
heated in goldJined bombs in strong solutions of MgCIz for 4 days at
300oC. The atmosphere in the bomb was COz. There was found con-
siderable Fe in solution. Also the mineral had become reddish brown in
color. The r-ray results are listed in Table 3, 4th column. While there
is some evidence of slight shrinkage in the direction normal to the layers
and of some slight changes in intensities, the writer hesitates to interpret
these results.

Bomb experiments were also made with weak hydrochloric acid to see
whether possible amorphous portions between layers could be removed
due to their lesser stability. A 0.03 I/ HCI solution at 300oC did not harm

8 It may be pointed out that Holzner's specific gravity of 3.068 for the thallium-treated

sample is higher than it should be when cornpared with 2.823 of the natural rnaterial.

Probably the figure for the latter is too low.
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the structure in seven days, exc-ept that it dissolved ferrous iron and

caused a shrinkage from 12.13 A to tt.gt A.
Surprising results were obtained in two experiments in which the con-

centration of HCI had been increased to 0.1 normal. With No. 4 and No.

7 stilpnomelane a pyrophyllite structure resulted. AII the lines in the

films agree with those of pyrophyllite. There are considerable difierences

in sharpness and intensities of the lines but they do not detract from the

reality of the structures. It is of interest to note that the same pyrophyl-

lite structure resulted when the writer heated nontronites to a tempera-

ture of 575'C (14, p. a7Q. As a matter of fact these fi lms cannot be

differentiated from those obtained in the present experiments, so great

is their similarity.
The important question about these experiments is whether the

pyrophyllite structure is the original structure of stilpnomelane as as-

sumed above, or whether it is an entirely new development. In the first

case, the material between the pyrophyllite layers would have been

actually dissolved by the acid causing a collapse to 9.5 * A. In the second

one the ions liberated by the breaking up of stilpnomelane would have

combined to form a new structure. The material is white in color and

under the microscope shows fi.brous and platy aggregates which, however,

are not uniform in behavior. The indices are much lower than would be

expected, reaching below 1.48 for a. The birefringence is considerable.

Interference figures on large enough plates are almost uniaxial. This

phase of experimental work is being continued.
The stability of all the stilpnomelane samples was investigated. It

was surprisingly great. In an atmosphere of COz no break-down was

noticeable in the structures at 550'C alter 24 hours heating. At 600"C

the collapse was well underway, and after heating at 640oC new but very

poor r-ray patterns were obtained. Apparently the structures shrink

in the direction normal to the layers from l2.l L to about 11 A, for

the most prominent and strongest line in the new pattern occurs at this

spacing.

CoNcr-usroNs

A number of stilpnomelanes were investigated' A comparison of the

best available analyses gives a formula: (OH)$(K,Na,Ca)o-z
(Fe,Mg,Al)2eSi32Osr'13 H2O. It is not feasible to separate the trivalent

from the bivalent elements in this mineral on account of the great

fluctuations in the state of oxidation of the iron. If all the oxides of Fe,

Mg and Al are added it is found, however, that the formula of each

stilpnomelane approaches closely the one above. Alkalies are not neces-

sary for the structure of the mineral. Chalcodite is not different from
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stilpnomelane structurally or chemically, except for the state of oxidation
of the iron. Dehydration in vacuo shows that from $ to f of the total HzO
is present in the mineral as (OH). This is not given off until a tempera-
ture of 500'C is reached. Dehydration becomes complete at 750oC. Iron
is not oxidized in the process of dehydration at high temperature. After
about half of the hydroxyl has been lost the structure begins to collapse.
This collapse is complete between 600o and 650'C.

X-ray powder photographs of fi.ve stilpnomelanes give the following
unit cell dimensions based on the assumption that the mineral is pseudo-
hexagonal l ike other layer structures: d16e1; :12.07-12.18 A, bo:9.99-
9 .12  A ,  oo :5 .23 -5 .27  L .

Density determinations of stilpnomelane were carried orlt only with a
great deal of difficulty due to the peculiar physical nature of the mineral.
Older values seem to be lower than justified. Pycnometer determina-
tions with water gave the highest values. These were used in determining
the number of ions contained in the unit cell of the dimensions given
above. By this procedure we obtain the actual formula for an analyzed.
specimen whose unit cell is known, which is for stilpnomelane from the
Genoa Mine of the Mesabi range, namely: (OH)s(K,Na,Ca)1 5(Fe,Mg,-
AD 1r.r(Si,Al) roOas. 4.25 HrO.

There exist very good reasons to believe that the structure consists
of pyrophyllite-talc layers which are spaced l2.l A apart. The space
between them contains the ions of Fe, Mg and K which cannot be ac-
commodated in these layers. Also a corresponding number of O or (OH)
ions must be present between the layers. The result is a defect structure
in which ions may even be in random positions. This is therefore a new
type of structure.

The partial replacement of potassium by thallium is described which
is indirect confirmation of the proposed structure since it could not take
place if the K ions were as closely confined and held as in mica. Experi-
ments in goldJined bombs at 300oC show that stilpnomelane goes to a
true pyrophyllite structure in 0.1 /i/ HCI solutions. This phase of the
work is being investigated further.
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