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Assrnecr
Attempts have been made to synthesize the minerals psilomelane, cesarolite, ranci6ite,

chalcophanite, lithiophorite, and larnpadite by hydrothermal alteration of the metallic
derivatives of a hydrous manganese oxide.The compounds prepared are compared by chem-
i'ca,l, r-ray, and electron microscopic methods with mineral specimens, and the conclusions
which are drawn offer some evidence for the paragenesis of these minerals.

The term "psilomelane type" has been suggested as a general name
for those manganese oxide minerals which are hard, dense, and which
generally lack distinctive features (6). Those which are soft and of low
apparent specific gravity retain the name ((wad" which has been used in
a wider sense to describe any manganese material containing much water.
It has been realized for many years that these massive materials may
contain considerable quantities of other metals, and until r-ray diffrac-
tion methods had been applied to their study, it was doubtful whether
the metals were present as discrete impurities or as lattice constituents.

Within these groups, several hydrated manganese minerals are re-
garded as distinct species. These are listed in 'Iable 1 with the formulae
and crystalline habits proposed in the literature. lt must be emphasized,
however, that these formulae, apart from that for psilomelane, are by
no means fully established.

T,rsr-n 1. HvonlrBo MlNcewrsn Oxmn Mrnrurs CoNrlrNrxc Ornen Mnr.lr-s

Mineral

Chalcophanite
Lithiophorite
Ranci6ite
Cesarolite
Psilomelane

Formula

(Mn, Zn)Mn:Oa.2HsO
LiMnrAlzOg'3HzO
(Mn, Ca)MnrOe 3HzO
PbMnrOz'HzO
MnBaMnsOrs.2H2O

Crystai System

Hexagonal (?)

Hexagonal (?)

Orthorhombic

The metals other than manganese are major constituents which may
be partly replaced by small amounts of other metals. Cobalt is often
present in lithiophorite and psilomelane, copper and trivalent iron are
common replacement elements, but no acceptable evidence has been
produced to show that these metals are major constituents of hydrated
manganese minerals.

Very little is known of these minerals. Psilomelane occurrences are
common (6) and c-ray work on single crystals has been described (21).
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Cesarolite has been reported only from one locality (1) but no *-ray
examination is recorded;ranci6ite is accredited as a mineral species (18)
but no chemical analyses are givenl lithiophorite, identified during an
examination of psilomelane-type minerals (17) has since been found as
well developed crystals (22); while chalcophanite, may be recognized
from optical evidence (16).

Although none of these minerals has been synthesized, a group of

The writer has recently described a hydrous manganese oxide with the
formula (Na,Mn)MntOz'nHzO (23). The powder diffraction data in-
dicated a hefagonal cell with the d.imensions o: 8.41, c:10.1A, and with
four molecufes in the unit cell. The sodium ions are irreversibly ex-
changed for those of other metals from solutions of their salts, and this
change is usually accompanied by a small decrease in the c axis dimension.

There is a strong chemical resemblance of each of these metal deriva-
tives to the corresponding hydrated mineral listed in Table 1. Recrystal-
lization of the derivatives in some instances may occur, accompanied by
structural and minor chemical changes. These experiments will be de-
scribed in some detail, and compared with mineral specimens on chemical
and *-ray evidence.

ExpBnruBNtar

The preparation of the hydrous oxide (Na,Mn)Mn3O7'zH2O by the
oxidation with oxygen of a suspension of manganous hydroxide has been
described (23). Metal derivatives are readily formed by agitation with
an excess oI a 10/6 solution of the metal salt for 24 hours at room
temperature, washing till free from soluble salts, and drying by the aspi-
ration of air. On heating to 2000 C. the sodium oxyhydrate and its deriv-
atives lost some water, and the powder pattern of manganous magna-
nite (MnOr.z r.s) is found. Sarkar and Dhar's (4) preparations also give
this pattern.

Recrystallization of some of the derivatives may, however, be readily
induced by simple hydrothermal treatment. Sealed glass tubes were
found suitable for temperatures up to 200" C. For alkaline solutions or
higher temperatures, small stoppered stainless steel cylinders were
employed.
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X-ray patterns were taken on a General Electric XRD unit with a
14.3 cm. camera using Fe radiation fi l tered with Mn (X:1.937). Because
preparations such as these may contain amorphous oxides which would
not be revealed by the powder patterns, electron micrographs where
necessary were taken by Mr. J. L. Farrant, Division of Industrial
Chemistry, C.S.I.R.O. on an R.C.A. type E.M.U. microscope, to
confirm homogeneity. Electron diffraction patterns of the recrystallized
barium and lead derivatives were obtained by Mr. J. Spink, Division of
Tribophysics, C.S.I.R.O.

Frc. 1. Electron micrograph of synthetic psilomelane (X20,000).

Banruu DBntvatrvn AND PsTLoMELANE

Psilomelane is readily synthesized by heating the barium derivative
at 1600 C. for several weeks with a solution containing l/e of barium
and manganese chlorides. Electron micrographs show that the synthetic
mineral is mainly composed of needles, occasionally twinned, which al-
though attaining a length of several microns, are not resolved by the
ore microscope.

The weak r-ray powder photograph was identical with that of the
mineral published by Fleischer and Richmond (6), but the electron dif-
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fraction pattern was much sharper. This was measured accurately on a
recording photometer, and the ring diameters could all be indexed using
Vaux's figures for the cell dimensions of orthorhombic psilomelane (21).

a : g . | ,  b : 1 3 . 7 ,  c : 2 . 8 6  A .

There was insufficient material for a complete chemical analysis of the
synthetic mineral. The determinations made are given in Table 2 to-
gether with those for the barium manganate from which it was derived,
and a massive psilomelane specimen from Pilbara, Western Australia.
The Iatter was examined optically and found to be homogeneous and
fibrous in structure.

Tl-:r:.:n 2. Aner,vsrs ol Psrlouor-,qxn

MnOz
MnO
BaO
H2Oarro"
KrO
(Fe, Al):O:

6 1  . 8
1 1 . 8
19.6
7 . 6

6 2 . 9
L O

14.4
N.D

84.9

74.36
6 .  1 0

13 49
5 .  1 4
0 . 8 1
0.  59

Total

Specific Gravity 4 . 4

Barium derivative of (Na, Mn)MnaOz'nHzO.
Recrystallized barium derivative. Contains much loosely held rvater

Psilomelane. Pilbara. Western Australia.

The atomic rat ios Mn4+:Mn2+:Ba:O are 7.90:1.16:1.02:18 for  the

synthetic mineral (analysis 2), and 8.14:0.82:1.00:18 for the Pilbara

specimen (analysis 3) assuming that potassium substitutes for barium.
'l'hese agree reasonably well with the formula MnBaMnaOra 2HrO

which has previously been ascribed to this mineral, although the water
in analysis 3 is high. The density calculated from this formula and Vaux's
dimensions is 4.42, somewhat lower than that measured for this and other
mineral specimens. Recrystallization of the barium derivative ( analysis
1) is accompanied by the loss of some barium.

When heated to 5500, the synthetic mineral gives a substance with the

powder pattern of hollandite. This agrees with Fleischer and Richmond's

observation that hollandite (BaMnsOro) is formed as the dehydration
product of psilomelane (6).

1 .
L .

3.
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LBap Dnnrvatlvu

The lead derivative was readily recrystallized by heating at 1600 C.
for six weeks in a l/6 solution of lead and manganese njtrates. The
chemical composition resembled that of cesarolite.

Teslr 3. ANlrvsrs or. Cnsanolrrr eNo Svnrrnrrc Conoxelrrn

MnOz
MnO
Pbo
HzO+rzoo
Remainder

53 .3
9 . 3

33 .3
J . I

60.80
7  . r 2

28.66
1 . 1 1
2 . 3 1

51.40
0.62

39.09
3 .30
3 .66

Total 99.6 99.20 100.00 98.07

Density 5 . 9 4 5 . 2 9

Lead derivative of (Na,Mn)MnaOz' nHzO.
Recrystallized lead derivative (synthetic coronadite).
Coronadite, Arizona. W. F. Hillebrand analysis (recalc.) in Lindgren and Hillebrand
(10). Remainder:Cu, Al, Fe, Zn.

4. Cesarolite, Tunisia. Recalculated from the data of Buttgenbach and Gillet (l).
Remainder:Al, Fe, Na, other metals, insoluble.

X-ray powder photographs were very weak, but the electron diffrac-
tion pattern of the recrystallized derivative was similar to that of coro-
nadite given by Frondel and Heinrich (7). Although most coronadite
specimens contain water, it is considered to be non-essential (6, 7), and
a discussion of this preparation is therefore outside the scope of this
account.

Zrwc DBnrvATrvE AND Cner,copunNrrB

Chalcophanite could not be prepared by autoclaving the zinc deriva-
tive of (Mn,Na) MnaOz.nHzO at 1600 with a I/6 solution of zinc and
manganese chlorides. With this treatment the pattern of hetaerolite
with some additional lines (hydrohetaerolite?) is observed. This decom-
poses to pale brown hetaerolite if the temperature is raised to 3000 C.
Crystalline chalcophanite loses water readily at 1000 C., and is com-
pletely debydrated on heating to 2000 C (15); it is thus certain that this
recrystallization was attempted at too high a temperature.

A further quantity, autoclaved at 80o with the same solution, showed
after six months some additional lines in the difiraction pattern common
to the strongest chalcophanite lines. It is considered that complete re-

J . J

1 .
z-
3 .

5 3 . 1 1
J . Z . t

37 .30
3  .56
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crystallization would take a much longer period to complete, probably

accompanied by further oxidation.
Table 4 gives the analysis of the zinc derivative. An analysis of a crys-

talline chalcophanite from Buchan, Victoria, which agrees well with the

formula ZnMntOz 3HzO is also included. The tentative new formulation

of chalcophanite will be discussed in more detail at some future date,

when this specimen rvill be more fully described.

Tasrn 4. ANar-vsrs ol Zrrc Dnmverlo ANp Cn.q.lcoprrexrrn

MnOz
MnO
ZnO
HzO+rsoo
FezOs
AlzOs
SiOz

65 .39
0 .22

18 .19
13.09
o .32
0 .39
1 8 8

Total 99.48

Specific Gravity 3 . 7 0

1. Zinc derivative of (Mn, Na)Mn:Oz'2HzO.
2. Chalcophanite crystals, Buchan, Victoria.

CorpBn DBnrvertvB AND LAMPADITE

Lampadite is the name given in a general sense to the cuprian wads
(3) but no evidence for the existence of a hydrated copper manganese

mineral based on r-ray identification has been recorded.
A cuprian wad of unknown origin, loaned from the University of

Adelaide, was found by H. R. Samson on optical examination to consist

of a very close intergrowth of two minerals, one black and opaque
(manganiferous), the other consisting of transparent green crystals.

Separation could not be effected by physical means, but a powder pattern

identified the consitutents as dioptase and poorly crystallized lithio-

phorite. Chemical analysis (Table 5, column 3) gave the CuO: SiOr ratio

as 0.361 :0.356 (very nearly 1 : 1), and it seems evident that no significant
quantity of copper is present in the manganese mineral. The composition

of the lithiophorite (Table 5, column 4) was found by subtracting

CuO SiOz.HzO from the total analysis.
Attempts to synthesize lampadite met with no success. The copper

derivative of (Mn,Na)MnrOz'zHzO was readily formed, the analysis

of which, given in Table 5, is very similar to that of a cuprian wad re-
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corded in Dana (3, p. 567). The powder pattern resembled that of

manganous manganite. Autoclaving at 1600 C. with a mixed solution of

copper and manganous sulfates gave copper-free manganite (MnOOH)

in close association with small green crystals of a basic copper sulfate.

The similarity in appearance of this preparation to that of the dioptase-

lithiophorite specimen was most striking, and suggested that the two

materials were formed under similar circumstances.

T.q.sr-n 5. AN,lr-vsrs or Copprn Dnnrvettw eNo Leur'q.nnB

MnOz
MnO
CuO
CoO
Fezo:
AlzOr
Sio:
KzO*
HzO+rzo"
HzO-rzoo

6 5 . 4
/ . J

1 8 . 8

58.77
9  . 5 9

1 1 . 4 8

I J .  I 4

2 .65
28.74
1 . 3 2
1 .89
8 .06

2 r . 3 8
0 . 3 7
8 .  19

1 1 . 9 0

34.9
6 . 1

3 . 0
4 . 4

1 8 6

0 9
3 . 9

)7 A-

Total 100.89 99.64 99.2

x The mixed alkalis in this analysis reported as KzO-Li present.

1. Copper derivative of (Na,Mn)MnaOz nHzO.
2. Lampadite. Dana p. 567 Analysis 6.

3. DioptaseJithiophorite specimen, South Australia.

4. Analysis 3 corrected for dioptase (CuO SiO:'HzO).

AluurNruu DBnrvarrvB AND LrrEtoPHoRlrE

The aluminium-lithium derivative was readily reuystallized by heating

at 1600 for three weeks in a solution containing l/6 each of lithium chlo-

ride and aluminium sulfate.
Electron micrographs of the derivative were similar to those of the

parent hydrous oxide. They consist of series of very tbin overlapping
films of oxide (Fig. 2), which is characteristic of materials showing a

marked c axis development. The recrystallized derivative was made

up of large hexagonal prisms with well developed facial angles of approxi-

mately 1200 (Fig.3). Figure 4 shows a flake of l i thiophorite (Postmas-

burg, South Africa) from a specimen originally described by deVilliers

and van der Walt (22), who generously made some of their material

available.
The chemical compositions of these derivatives, the Postmasburg



Frc. 3.

Fro.  4.

Frc. 2. Electron micrograph of the aluminium-lithium deriva-
tive of (Mn,Na)Mns0z' zHzO' (X20,000).

Fro. 3. Electron micrograph of the aluminiumlithium deriva-
tive recrystallized under hydrothermal conditions ( X 12,000).

Frc. 4. Lithiophorite, Postmasburg, South Africa. (X50). (Photograph J. Weymouth.)
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specimen, and a new analysis of a cobaltian lithiophorite from New

Caledonia containing some free goethite as impurity are given in Table 6.

Taerr 6. ANer,vsrs ol Ar,uurrvruu/Lrrnruu DBnrv,qtn'ns ,txn Lrutrolrrotrte

MnOz
MnO
Al:O:
Fezo:
LirO
CoO
I{2Onrzoo
HzO-r:oo
SiOz

5 7  . 9
1 4 0
1 7  . 9

0 . 2 2

9 . 9

68 .18
7  . t 4

15.42

Present

8 . 3 2
0 . 7 3

48.96
8 . 2 0

23.84
0 9 6
3 .30

t . t .  r J

1 .45
0 . 3 0

35.71
2 . 9 2

19.22
15 .95
0 . 5 1
6.99

t t .97
4 . 7 2
1 . 6 3

Total 99.9 99.79 99.62

Density 3  .95 J . J / N.D.

1. Aluminium/lithium derivative of (Na,Mn)Mn:Oz zHzO Corrected for HzO-r:0".

2' Recrystallized derivative. rnsufficient for accurate LizO determination'

3. Lithiophorite, Gloucester, South Africa. Anaiyst C. F. J. van der Walt (22).

4. Lithiophorite, Nerv Caledonia (with some goethite).

The difierences in composition between the mineral specimens (in-

cluding the one associated with dioptase and recorded in Table 5) and

the recrystallized derivative is reflected in the r-ray evidence. The pow-

der diffraction patterns of the synthetic materials and the South
African specimen are given in Table 7, together with tentative indices,

unit cell dimensions and densities calculated from formulae developed
from the chemical data.

Laue patterns of the Postmasburg specimen confirmed the hexagonal
symmetry suggested by deVilliers and van der Walt, and the powder
pattern resembled that of lithiophorite reported by Fleischer and

Richmond (6).
It is uncertain whether the c dimension is 9.39 A or twice this value.

The unit cell contents wil l be either (Li,Mn,Al)rOe'HzO or (Li,Mn,-

Al)aOo 2HzO with the possibility that lithium substitutes for aluminium
as it may do in the micas.

The axes given for this mineral will not fit tbe other lithiophorite
specimens which have been examined. A complete index of the lines of
the New Caledonia and of the dioptase-associated specimens is not
possible because of confusion due to the lines of the other minerals
present, but the well developed (0001) Iines permit the c dimensions to

3 . 6
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be calculated. The values 9.50+0.04 and 9.68*0.04 A, respectively,
which are found suggest that the structure may be variable, which, in
view of the wide variety of composition suggested to the writer by Dr.
M. Fleischer (5) is not surprising.

The chemical composition of the recrystallized derivative differs
considerably from that of the minerals examined, and consequently both
a and c dimensions difier from those of the South African specimen. The
unit cell volume is almost exactly five times that of the mineral specimen,
and this together with the general similarity o{ the empirical formulae,
suggest that they are members of series capable of considerable variation.

Ce.rcruu DnntvauvB AND RANCrfrrE

Although many naturally occurring psilomelane-type and wad
minerals have been examined, no ranci6ite has been found. The calcium
derivative of the parent manganese oxyhydrate may however be given
the formula (Ca,Mn)MnaOs.5HrO as can be seen from Table 8.

Tanr,B 8. Axlrvsrs ol Car,crulr DBnrvenvr

6 9 . 8
3 . 9
8 . 2

1 8 . 1

1. Calcium derivative of (Na,Mn)MnsOz nHzO
2. Calculated f rom (Ca,Mn)MnrOs.5HzO with Ca:Mn++:8:3.

No recrystallization of this material could be effected. When auto-
claved with calcium and manganous chlorides at 1600 C., a phase change
to a calcian manganite identical in most respects with the mineral
MnOOH was observed, while heating at a low temperature in air or in
a closed tube without additional water resulted in the development of
the bixbyite structure. Autoclaving at 80o C. for six months produced
very little change in the r-ray data.

The powder pattern difiers appreciably from that of the parent oxy-
hydrate, but most of the lines can be indexed as belonging to a hexagonal
ce l l  w i t h  t he  d imens ions  a :8 .44 ,  c :9 .87  A .

The scarcity of (hkll) reflections is characteristic of a very disordered

7 0 . 0
3 . 6
7 . 7

t 7  . 7

9 9 0 100 .0
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structure, and it may well be that the formula which has been given
assigns too many molecules of water to the material. A lesser degree of
hydration would lead to better agreement between the calculated and
observed density values.

This pattern difiers in many respects from the publisbed data for
ranci6ite (6). While it would be speculative to say that the powder
patterns appear to be derived from similar structures, the similarities
in composition between the calcium derivative and corresponding values
in the brief reports which have appeared on ranciEite (18) suggest they
are closely related.

Tenrn 9. X-nev Pomnn DrlrnncuoN Dere ron Cer-cruu Dnmverln ol
(Na,Mn)MnsOz 2HzO

Observed

Intensity

s
vw(d)
w(d)
vw
w
w
vw(d)
M
MW
VW
VW
VW
vw(d)

7  . r 7
4 . 8
J . J /

2 . 5 7
2.468
2.414
2 . 3
2 .069
2.O29
1.804
1 . 4 6 1
1 . 4 1 0
r . 2 6

7 r 7

3 .59
2 . 5 7 6
2 468
2 .426

2 .07 r
2.034
1 . 7 9 4
1 .451
1 .411

(1000)

(2000)
(1r23)
(0004)
(2023)

(2240)
(2024)
(4()00)
(4044)
(0007)

System
Unit cell dimensions (A)

Unit cell volume (AB)
Density (Calc.)

Densiry (Obs.)
Unit cell contents

Hexagonal
a : 8 . M
c : 9 . 8 7
609

4.06
J .  t

(Mn,Ca)aMnrzOrT' 1sHrO

TnB DpnrverroN oF run HyrnarED MANGANESE MTNERALS

From comparisons of the chemistry and mineralogy of the higher
manganese oxyhydrates it is possible to deduce how these minerals
may have been formed.

The oxyhydrate (Mn,Na)MnaOz zHzO is metastable, losing some

S:strong, M:medium, MW:Med. weak, W:weak, VW:very weak, (d):diffuse.
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water at a low temperature to form the more stable "manganous man-
ganite" (23). The similarity between this substance and a mineral speci-
men has recently been demonstrated (19).

On the other hand it will readily form loose hydrous complexes with
metals which, while not giving close f.tting formulae, may in most cases
be represented as (R,Mn)Mn3O7 nHzO, where R is the added metal (23).

Earthy manganese material commonly known as wad may contain
considerable amounts of other metals. It is most likely that these sub-
stances were formed either by substitution of the "foreign" ion in a
hydrous oxide formed naturally by the oxidation of Mn(OH)z or else by
the oxidation with air of mixed sols of Mn(OH)r with other hydroxides.
Although single ionic species in our experiments have been exchanged
for sodium in the parent oxide, there is no reason why two or more metals
should not be substituted, and the presence of barium, cobalt, tungsten,
vanadium, etc., which are common constituents of the wads and other
manganese minerals, would be due to this ready substitution.

If the wad so formed is not subjected to further change by heat,
pressure, or any violent means of oxidation, then its structure will bear
some resemblance to that of the parent hydrous oxide. Although some
very soft wads have been examined in this laboratory, r-ray powder
patterns show mainly the mineral impurities present, although some
additional very diffuse lines similar to those reported by Smitheringale
(24) and more recently by McMurdie and Golovato (13) may be observed
iJ they are sought. These lines are characteristic of delta-MnOz (12), the
relationship of which to manganous manganite has been discussed
previously (2).

Autoclaving tbe derivatives at a low temperature in some instances
induces rearrangement of the disordered lattice to that of the more
stable and sharply defined mineral species, accompanied in some in-
stances by slight changes in composition. Psilomelane can certainly be
formed in this way; coronadite and a compound closely resemblinglithi-
ophorite may similarly be synthesized; chalcophanite and ranci6ite will
probably be formed by recrystallization after prolonged autoclaving at a
low temperature. The failure of syntbesize lampadite does not neces-
sarily mean that this mineral may not exist.

These minerals, seldom found except as massive specimens (i.e. micro-
crystalline) could well be formed from the hydrous wad with which they
are often associated, by hydrothermal alteration, pressure, or perhaps
simply by ageing under oxidizing conditions. The rarer crystalline de-
posits were presumably formed only under conditions where the man-
genese and other metals were slowly precipitated from solutions which
were saturated with oxygen, perhaps at elevated temperatures.
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This theory, derived from chemical experiments, has some support
from geological evidence. The crystalline lithiophorite from the Post-
masburg deposits was considered by deVillers to be formed directly
from solutions of magmatic origin and not by the weathering of an an-
hydrous mineral. Chalcophanite which may be formed as an alteration
product of hetaerolite and franklinite (14) has been reported free of
these minerals (9), and has been found by Mr. H. R. Samson and the
writer in a manganese deposit in the Buchan District, Victoria, inti-
mately associated with lithiophorite. In this latter case the two minerals
undoubtedly crystallized simultaneously, and the conditions for their
formation would therefore be identical. The "asbolite" specimen, shown
to be an association of dioptase and lithiophorite, most probably rvas
formed by the action of siliceous solutions on a cuprian wad, l'r'hich re-
moved the copper to form another mineral (dioptase) in much the same
way as basic copper sulfate was formed in the laboratory by autoclaving
the copper derivative. Psilomelane may be regarded as recrystall ized
barium wad, and owing to the relative ease with which it is transformed
to hollandite, is probably a necessary phase in the paragenesis of this
mineral. Litt le can be said of cesarolite or ranci6ite, but their formation
as crystalline minerals could occur by the methods which have been
suggested.

These minerals are made conspicuous by the presence of metals other
than manganese. When there are no substituents, the hydrous oxide
(Mn,Na)MntOz'nHzO can be further oxidized at a low temperature
only to manganous manganite, or possibly to delta-MnOz. It is suggested
that pyrolusite, cryptomelane, ramsdellite and 7-MnOz, each of which
requires special conditions for its synthesis in the laboratory could be
formed on a geological scale at a more elevated temperature, under acid
conditions, or perhaps by bacterial oxidation. Consequently the mineral,
reported by Samson and Wadsley (19) to resemble manganous manganite
may be regarded as a link in the mineralogy of the manganese oxides.

This generic scheme may be represented diagrammatically:

pyrochroite mixed hydroxide solutions

bxidized
pyrochro ite oxidation

mineralizing solutions con-
taining other metals wad

I
I  hydrothermal  t reatmenl
v

hydrated mineral
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