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ABSTRACT

takes place for barium.

The nomenclature of psilomelane and psilomelane-type (Fleischer and Richmond'

1943) is reviewed. It is suggested that the term manganomelane be used as the general

name for all hard manganese oxide minerals not specifically identified. wad should continue

to be used for soft manganese minerals not specifically identified'

IxrnopuctroN
The mineral psilomelane has only recently reached the status of a well

defined species. Highlights in this elucidation have been the redefinit ion

of psilomelane as a single species by Vaux (1937) , the detailed crystal

structure investigation of Waclsley (1952, 1953), and the general revie"r'

and verif ication of Fleischer (1960A). These studies have been con-

cerned with well-crystall ized psilomelanes which have the formula

(Ba,HzO)zMrrOro, or approximate it closely, with Ba: H2O approximately

l:2, and, Mn inclutl ing Mn+', Mn+2, as well as various other elements'

This paper is concerned with poorly crystallized psilomelanes and

psilomelane-type niinerals which have received essentially no recent con-

sideration although they have been recognized by Ramsdell (1932), and

others subsequently. One such psilomelane-type mineral is described in

detail arrd it is shown that this particular specimen (1) is very poorly

crystall ized as determined by its r-ray dif iraction pattern and (2) has

extensive isomorphous substitution of potassium, sodium, calcium, and

strontium for barium. Because of these variations from the accepted

chemical and structural definition of psilomelane, the term psilomelane-

type is used to refer to the specimen being described' Throughout this

paper the term psilomelane-type refers to a variant of true psilomelane

us defined by vaux (Ig37), wadsley (1952, 1953), and Fleischer (1960A).

It is not used in the general sense as suggested by Fleischer and Rich-

mond (1943). Further comment on this terminology is presented below.

OccunnBNcn AND PREVrous SruDrES

The specimen described in this report is from the La Abundancia mine,

Za.catecas, Mexico. This deposit has been most recently described by

Wilson and Rocha (1956A); they also give older references. According to
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Wilson and Rocha f1956A) the deposit is in the form of mantos and
chimneys enclosed in shales and is believed to have formed by replace-
ment by hydrothermal solutions. T'hey also report that by r-ray dif irac-
tion J. N{. Axelrod has identif ied pyrolusite (dominant mineral), crypto-
melane, and two unidentif ied manganese minerals, as well as quartz, opal,
calcite and other gangue minerals. Fleischer (19608) states that one of
Axelrod's unidentif ied minerals is now recognized to be the so-called
"gamma MnO2"; the other is sti l l  unidentif ied but is not the same as
the material described in this paper. The reported presence of pyrochroite
by Wilson and Rocha (1956.{) was apparently in error according to
Fleischer ( 19608).

Wilson and Rocha (1956A) note that part of the ore is soft and has
been selectively mined, whereas a hard ore has been left in the form of
pil lars. The mineral described below is undoubtedly an example of the
hard ore.

Puvsrc,q,r PnopBntros
Form:massive, compact
Color: black; Streak: black
Fracture: conchoidal
Hardness:6
Specific Gravity:3.98 (at 25'C). Lower than true psilomelane (Fleischer, 19604);prob-

ably due to adsorbed water and isomorphous substitutions for Ba described below.
Luster:Dull, submetallic in hand specimen. Takes excellent polish giving metallic luster

in reflected light.

OnsBnvlrroxs rN RnpT,BCTED LrGHT

The study of several polished sections of the La Abundancia manga-
nese mineral indicates that it is essentially one phase. Several of the sec-
tions are homogeneous whereas a few, under high magnification, appear
to contain a small number of very minute needles which show some
variation in reflectivitv upon rotation. Their exact natl lre could not be
determined.

Cnoursrnv

In Table 1 a chemical analysis is presented of the psilomelane-type
mineral from the La Abundancia mine. The most noticeable difierences
between this material and normal psilomelane are its low BaO content
and higher than usual contents of CaO, KrO, and NarO; the SrO con-
tent is probably normal for psilomelane. Calculations show that if Sr,
Ca, K and Na are placed in the (Ba,HzO) positions, the mineral under
discussion fits the chemical requirements of psilomelane. fn Table 2
these calculations are summarized and compared with the 14 authenti-
cated psilomelanes described by Fleischer (1960A). For comparison with
Fleischer's results, the data are based an O:20,00,
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T.q.srn 1. Cnrurcer, Annrvsrs or Psrr-ounr,lNn-tvrn Mntnnr-,
La AsuNneNcr.c MrNB, Zecemces, Mrxrco

5 J /

MnOz
MnO
BaO
SrO

CaO

KzO

NarO

70.4
9 . 3
A <

1 4

1 . 6
1 . 5
u . l

FerOr
Mgo
HzO+
SiOz
CO:
Others

Total

2 . 6
0 . 9
. ) . J

0 . 9
0 . 3
0 . 3

ssJ

Notes on Analysis:

1. Wet Analyst: J. A. Greear.

2. Specimen oven dried at 110' C. for 2 hours before analysis' Ignition loss:l.9To.

3' "others" are remaining mixed oxides (chiefly Aho) from ammonium hydroxide

precipitate after deduction of Fezos.

4. Barium and strontium determined by emission spectrographic analysis. Analyst:

H. Holt.
5.  Tracesof  Mo,Ni ,Cu,Crdetectedbyr-ray f luorescenceandemissionanalysis L i ,

W, V, As, Pb, Co and Zn specifically looked for but not detected.

6. A specimen of the analyzed material has been deposited at the U. S. National Mu-

seum. U.S.N.M. No. 109398.

For the calculations in Table 2 on the La Abundancia mine specimen'

all constituents reported in the analysis (Table 1), with the exception of

SiOz and CO2, are considered to be part of the mineral. A required

amount of CaO (0.3o/d was deducted as COz is present as calcite. As

pointed out by Fleischer (1960A), some other constituents' such as

Tasln 2. UNrr Cnr,r, ConrrNrs or Psrr,otrml-ANEs,0:20.00

'Ihis Paper
La Abundancia

Fleischer (1960A)

14 Psilomelanes

Sum Cations

Sum Ba Positions

Mn+a
Mn+2
Mn+4/Mn+2
HzO+

Sum Ba, Sr, Ca, K, NafHrO

1 1 . 6

8 . 4 3
I . J '

6 . 1 6
3 .07

4 . 3 0

11.3 average

1.26 average

8.18- 9.00 (range)
0.90- 1.64 (range)
5 . 20-10 .00 (range)
2.31- 3.09 (range)

Average:2.71

3.46- 4.51 (range)
Average 3 .97
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Fe2O3, may not belong in psilomelane, but no attempt was made to cor-
rect for this possibility.

Although the data in Table 2 speak for themselves, there are a few
points worth noting.

1. The grouping of Ba, Sr, Ca, K and Na for the purposes of unit
cell content calculation in psilomelane is a commonly accepted
procedure. For example, it was used by Fleischer (1960A) in his
Table 2.

2. The ratio Mn+afMn+2 for cryptomelane is considerably higher than
the largest value (10.00) reported by Fleischer (19604.) for any
psilomelane. The specimen under study has a value for the Mn+n/
Mn+2 ratio so low, that no cryptomelane can be expected and,

. therefore, the KzO plus NazO cannot represent cryptomelane. This
is an important point in view of the fact that the psilomelane-type
mineral under discussion contains more potassium and sodium ions
than it does barium and strontium. (If all the potassium and sodium
were allocated to cryptomelane, the specimen would contain about
50 per cent of that species.) Additionally, the analysis yielded
significantly more HsO+ (5.3 per cent) than can be accounted for in
a cryptomelane plus psilomelane mixture of approximately equal
proportions.

X-Rev Drrlnecrrox

The Iiterature contains several references to poorly crystallized
psilomelanes. Ramsdell (1932), in what is probably the iirst detailed
r-ray study of specimens called psilomelane, reported a semi-amorphous
type along with at least two other types (one of which was true psilome-
Iane, and the other was later described as the new mineral crypto-
melane). He suggested that the semi-amorphous type may represent
colloidal material as only very few difiuse c-ray lines were recorded. Un-
fortunately, details of Ramsdell's (1932) r-ray spacings were not pub-
lished nor were any chemical data presented to establish the semi-
amorphous specimens studied as being true psilomelane chemically
(approx. 16 per cent BaO) as defined by Vaux (1937).

Similar difficulties are encountered with other reported occurrences of
poorly crystallized psilomelanes. For example, Wilson and Rocha
(19568) mentioned a possible imperfectly crystall ized psilomelane from
the Talamantes district, Mexico, but they give neither r-ray nor chemical
data. Fleischer (19608) states that this specimen is not as well crystal-
l ized as most Talamantes specimens (such as Fleischer's, 19604, speci-
men number 7) but it shows perhaps three-fourths of the l ines on normal
exposure. Ramdohr (1956) described a psilomelane from Schneeberg,
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Saxony, for which he reports only seven r-ray diffraction lines. Although
this is obviously a poorly crystallized variety no chemical information is
given for this psilomelane. (This writer realizes that additional work may
show Ramdohr's specimen may not be true psilomelane.) In Fleischer's

TAsr-n 3. X-Rlv Pompn Derl lon Ll AnuNo.a.Ncre MrNrnal
eNo Snr,ncrno PsrI,ol,rsI,eNes

Psilomelane, Schneeberg
Fleischer and Richmond

(re43)
La Abundancia Mineral+

(This Paper)
Psilomelane, Schneeberg,

Ramdohr (1956)

d (A)
4 .205
3 .825
3 .488
3  . 3 1 8
3.217
2 . 9 7 2
2.842
2.663
2.402
2.364
2 . 2 5 1
2.191
2.138
1  . 8 1 6
1 . 7 3 4
1 . 7 1 2
1 . 6 3 6
1 . 5 6 2
1 . 5 2 4
1 . 4 2 4
1.403

d (A)

2 . 4 r

2 . 1 9

r .821

I
I
I
8
2
1
I
4
1
6

1
3

10

.f

2
2
2
4
I
4

o

r . 7 2 1
r.62-r.641
1. s7t\
r .sz IJ
t . 4 2

6 broad

4 broad

very faint

very faint band

very faint band

10

1

d.6)  r

2 . 3 8  m

2 . 1 6  m

1 . 8 1  s

l . 7 l  s s

1 . 5 5  s

1 . 4 2  m
1.39 s /ss

1 . 1 7

* Filtered iron radiation; camera diameter 143.2 mm.

f Seen only on films of long exposure.

(1960A) study of 14 authenticated psilomelanes, we are told that only
the identity of the specimens had been proved by r-ray diffraction. In
personal communication Fleischer (1960R) states that all of the 14
psilomelanes reported by him (Fleischer, 1960A') give more or less "nor-
mal" patterns except number 5 from Manila, Utah, which shows perhaps
a dozen lines.

Table 3 illustrates the difierences between well crystallized and poorly
crystall ized psilomelanes or psilomelane-type minerals. In Table 3 the
r-ray powder spacings of the La Abundancia specimen are given. They
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are compared with those reported by Fleischer and Richmond (1943)

for what is considered a well crystallized true psilomelane, as well as the

r-ray spacings reported by Ramdohr (1956) from the psilomelane for

which there has been no chemical verification. It is important to note

that the weak, broad, dif iuse bands (1.62-1.64 A and 1.52-1.57 A) and
faint l ines (1.82 and I.72 A) of the La Abundancia mineral are seen only

on films of long exposure and then sometimes only when specifically
looked for. For all practical purposes, the La Abundancia mineral gives

only three consistent easily recognizable l ines: 2.41, 2.Ig and' 1.42 A. Un-
published information received from Fleischer (19608) reports that

r-ray patterns like those from the La Abundancia mineral have been
found at the U. S. Geological Survey on minerals from about 20 localities,

including quite a few from Cuba. They range from patterns showing

only two lines at 2.4I and 2.19 A to good psilomelane patterns' Qualita-
tive tests showed barium was always present but no complete analyses

have been made.
The specimens of Fleischer and Richmond (1943) and Ramdohr (1956)

are both from Schneeberg indicating both well crystallized and poorly

crystallized examples occur at that locality. The reader is also referred

to r-ray powder data on still another specimen from Schneeberg, re-

ported by Gruner (1943), ior slight differences in comparison with the

Fleischer and Richmond (19a3) results. Recently, Mukherjee (1959) has

described what appears to be an authentic psilomelane (ll-t3/o BaO)

from India for which he has recorded almost twice as many lines as did

Fleischer and Richmond (19a3) and Gruner (1943)'

After being heated to about 550" C. (in air for one hour), the La

Abundancia specimen gives an lc-ray pattern whose chief constituent is

identical to that of hausmannite. Also, a few weak extra lines are present

and these most probably represent hollandite;there may also be a trace

of bixbyite. Fleischer (1960A) has noted that true psilomelane changes

to hollandite at about 550' C. sometimes accompanied by hausmannite

or bixbyite. The behavior of the La Abundancia specimen, that is, giving

a pattern of hausmannite rather than hollandite, is not surprising in view

of its low BaO content. Levinson (1960) has reported that todorokite,

which has almost identical contents of UInO, MnOz, SrO and FezOa as

the La Abundancia mineral, likewise inverts to give a hausmannite

pattern at about 550o C.

DrscussroN

The unusual manganese mineral here described has been shown to be

chemically similar to psilomelane, but with significant isomorphous sub-

stitution in the structural position normally occupied by barium. It

seems highly unlikely that K, Na, Ca, and Sr are adsorbed in exactly
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the amounts necessary to fit the chemical requirements of psilomelane.
AIso, it has been shown that the mineral is poorly crystallized and that
its r-ray pattern is closely related to psilomelane. Throughout the study
the writer has been particularly attentive to the possibiiity that some of
the unusual aspects of this mineral may be explained by a mixture of two
or more minerals. The evidence, however, overwhelmingly favors the
conclusion that the specimen is monomineralic.

The study of the La Abundancia mineral has raised many questions.
Some of the more interesting might be:

1. Do poorly crystallized psilomelanes or psilomelane-type minerals commonly have
considerable isomorphous substitution of K, Na, ca, and sr for Ba as does the La
Abundancia mineral?

2. rs there a complete series between well crystallized psilomelane and amorphous ma-
terial (if it exists) of the same or similar composition?

unfortunately, the answer to these and other questions are not forth-
coming from the present study. lVfany more poorly crystallized psilo-
melanes and psilomelane-type minerals will have to be studied com-
pletely before an attempt to answer these questions is justified. From
the evidence and theory presented by Wadsley (19S0), it would appear
that significant chemical and structural variations can be expected.

NoueNcrerunB

The mineral psilomelane has been clearly defined by Vaux (1937),
Wadsiey (1952, 1953), and Fleischer (19604) as a hydrated manganese
oxide mineral with approximately 16 per cent BaO, undoubtedly in-
cluding some Sro. rt is unquestionable but that these writers consider
psilomelane to be a well crystallized mineral. Accordingly, the speci-
men from the La Abundancia mine described in this paper cannot be
called psilomelane.

The term psilomelane-type has been suggested by Fleischer and Rich-
mond (1943) as a general name for those manganese oxide minerars
which are massive, hard, and heavy and not specifically identifred. The
term is understood to include several distinct minerars, or mixtures, and
no chemical formula should be given. Psilomelane-type has in the past,
quite within the definit ion of Fleischer and Richmond (1943), been used
for unidentified material with negligible Bao (such as cryptomelane and
todorokite).

rt is certainly not the desire of this writer to cause confusion in termi-
nology of the psilomelanes as now exists in minerals and synthetic
products essentially Mnoz in composition. rrowever, this paper contains
the description of a mineral which shows structural and chemical simi-
larities to true psilomelane; hence, it is called psilomelane-type. Further-
more, by virtue of its poor crystallization as determined by r-ray diffrac-
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tion, and its low BaO content, the phrases poorly crystall ized and low

barium have been used in the tit le of this paper. It must be emphasized

that at this time no specific or characteristic formula, or name' is as-

signed to the mineral described in this paper. It is felt that future work

on poo.ly crystall ized psilomelanes and psilomelane-type minerals may

find ttrat the La Abundancia specimen is merely a member oI a complex

chemical and structural mineralogical series.

The reader's attention is called to manganomelane, an infrequently

used term, which apparently embodies much of the meaning of psiio-

hard compact materials called psilomelane'

This writer suggests that the deflnition of manganomelane be modified

to be used as a general name for all hard manganese oxide minerals,

whether individual minerals or mixtures, not specifically identified. In

colloidal nature as is required by the original definition. If mangano-

melane is used in the sense suggested above, it would free the term

psilomelane-type to be used for those specimens which are found to have

chemical and/or structural characteristics, such as the La Abundancia

mineral, similar to true psilomelane. The term wad should continue to be

used for soft unidentified manganese oxide minerals. The division be-

tween wad and. manganomelane, which is based on hardness (sometimes

apparent), may be arbitrari ly set at H:3'^ 
ihe point may be raised that wad itself is reported in some standard

references with hardness up to H:6 and, therefore, why not use wad

to describe all unidentified manganese oxide minerals regardless of

hardness? The answer to this is that the term wad, as well as numerous
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other terms, has been used so loosely in the past that authorit ies can be

found for anything. The use of wad for soft unidentif ied manganese

oxide minerals follows the general usage of the term for the past 50
years, especially in papers on the economic aspects of manganese

minerals.
Fleischer (19608) states he is in favor of the term psilomelane-type

(Fleischer and Richmond, 1943) being replaced by manganomelane as

the former led to confusion.

AcTNowTBpGMENTS

The writer wishes to express his appreciation to Dr. E. R. Wright and
The Dow Chemical Company for their encouragement and permission
to publish this study. I am indebted to my colleague M.. J. A. Greear
for the chemical analysis. Professor E. Wnt. Heinrich kindly examined
several polished sections. I am grateful to Dr. Michael Fleischer for

crit ically reading this paper and making available unpublished data from

the U. S. Geological Survey.
RnlnnrNcrs

Fr,nrscnnn, M. (1960A), Studies of the manganese oxide minerals. III. Psilomelane: lrz.

Mineral.,45, 176-187.
--- (19608), Personal communication. Letter dated July 7, 1960.

, rNr RrcsuoNo, W. E. (1943), The manganese oxides: a preliminary report: Econ.

Geol.,38, 269-286.

Gnuxtn, J. W. (1943), The chemical relationship of cryptomelane (psilomelane), holland-

ite, and coronadite : Am. Mi,neral., 28, 497 -506.

LovrNsow, A. A. (1960), Second occurrence of todorokite'. Am. Mineral.,45r 802-807 .

Murnnn.Jen, B. (1959), X-ray study of psilomelane and cryptomelane: lfinerolog. Mag',

32,166-171.
R,lmonn, P. (1954), Kl,ockmann's Lehrbuch der Mineralogie. Ferdinand Enke, Stuttgart.

(1956), Die Manganerze: Symposium Sobre Yacimientos de Manganeso, Vol. I.

X X C on gr es o Geol6 gic o I nternac., M eri,co, l9-7 3.
I{ausrert, L. S. (1932), An r-ray study of psilomelane and wad: Am. Mineral., 17,143-

149.
Rarraue., K., eNo Serrrua, T. G. (1950), Geochemistry. The University of Chicago Press,

Chicago.

Vaux, G. (1937), X-ray studies on pyrolusite (including polianite) and psilomeiane:

M iner al,o g. M a g., 24, 521-526.

Wansr,rv, A. D. (1950), Synthesis of some hydrated manganese minerals: Am. Mineral,.,

35, 48F499.
-- (1952), Role of water in the structure of psilomelane, (Ba, HzO)zMn5O6: Natwe,

r70,973-974.
(1953), The crystal structure of psilomelane, (Ba, HzO)zMnsOro: Acta Cryst., 6,

433-438.
WrrsoN, I. F nNo Rocru, V. S. (1956A), Manganese deposits of La Abundancia and La

Esperanza mines, Zacatecas, Mexico: Symposium Sobre Yacimientos de Manganeso,

Vo!. IIII. XX Congreso Geol6gico Internac., Mexico,l4l-149.
--'- (19568), The Talamantes manganese deposits, Chihuahua, Mexico: ibid.,I25-I32.

Monuscripl reccheil June 10, 1960.

363


