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AKHTENSKITE—THE NATURAL ANALOG OF e-MnO2

F.V. Chukhrov*, A.l. Gorshkov, A.V. Sivtsov, V.V. Berezovskaya, Yu. P. Dikov,
G.A. Dubinina, and N.N. Varinov

Translated from “Akhtenskit—oprirodnyy analog €-MnQy,” Izvestiya AN SSSR, seriya
geologicheskaya, 1989, No. 9, pp. 75-80. The authors are with the Institute of Geology
of Ore Deposits, Petrography, Mineralogy and Geochemistry [IGEM] of the USSR
Academy of Sciences. They present the formal description of this new mineral,a struc-
tural analog of feroxyhyte §’-FeOOH. Data are given on akhtenskite from its type
locality, the Akhtenskoy limonite deposit in the South Urals, and from a second
locality, Mt. Zarod in Sikhote Alin. Natural oxidation of Mn to form a phase as un-
stable as €-MnO2 must be a process more rapid than can be accomplished inorganical-
ly, but experiments show it is easily accomplished by bacterial action.

In 1951 Kondrashev and Zaslavskiy [2] syn-
thesized a new phase, MnOj 97 with 5.3% water, by
oxidizing Mn?* in a solution of Mn(NO3)2 in 2
HNO3 using calcium chlorate as an oxidizing agent.
The structure proposed for this phase, based on its x-
ray diffraction pattern, had a hexagonal very dense
packing of oxygen atoms and a statistical distribu-
tion of Mn** over half of the octahedral positions.
The dimensions of the hexagonal unit cell where
ap = 2.786 + 0.001 A and co = 4.412 £ 0.01 A; the
space group was Dex*-P63/mme (C6/mmc). Kondra-
shev and Zaslavskiy suggested the name £-MnO; for
this phase. They also suggested that £-MnQ; differs
sharply in diffraction features and, correspondingly,
in unit cell dimensions and symmetry, from pyro-
lusite, cryptomelane, ramsdellite and y-MnQO; with
imperfect structure.

In 1978 de WoIff et al. [11] published data on -
MnOg; the hexagonal unit cell edges of their phase
were ag = 2.80, co=4.45 A.

We first identified a natural analog of artificial &-
MnQO2 by transmission electron microscopy in a
specimen of psilomelane from the Akhtenskoye
limonite deposit in the South Urals [7, 10] (specimen
was obtained from the museum of the Leningrad
Mining Institute). In this sample, &-MnO2 forms fine
light gray or black mixtures with cryptomelane and
nsutite, in which the individual components are
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indistinguishable macroscopically or under the
binocular microscope. It was not possible to separate
a pure phase of e-MnO2 for chemical analysis. Its
analogy in structure and composition to the artificial
oxide €-MnQO2 is based entirely on the electron
microdiffraction, x-ray photoelectron spectroscopy
and energy-dispersive analysis. The energy-disper-
sive spectra of different particles and aggregates of
the £ phase from the Akhtenskoye deposit show
manganese as the only cation (inset in Fig. 1). X-ray
photoelectron investigation of natural £-MnO2 made
it possible to establish that it contains tetravalent
manganese and oxygen; no OH group or molecular
water were found. Two varieties of todorokite (ag =
19.5 and ap = 2.44 A) and goethite were identified
by electron microdiffraction in several samples con-
taining £-MnQO2, and pyrolusite in one sample.

In electron microscope images, e-MnQO2 from the
Akhtenskoye deposit consists mainly of aggregates
of relatively small platy particles with a basal (001)
face. In many aggregates, the laminae are strictly
parallel to one another. Therefore diffraction patterns
obtained from these aggregates are practically points
(inset in Fig. 1). This can be explained by the fact
that the flaky aggregates of oriented particles of
natural €-MnQO; formed by alteration of another
mineral. This conclusion is based on an electron
microscope image (Fig. 1) in which flakes of -
MnO; form three systems of straight rows at angles
of 120° to each other. Such rows of flakes apparently
are formed as a result of replacement of a hexagonal
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Conclusion

A new manganese oxide, akhtenskite (¢-MnOg;
Akhtenskoye deposit, South Urals) is described; it is
a structural analog of feroxyhyte (8'-FeOOH). The
structure is based on hexagonal, very dense pack-
ing of oxygen atoms with Mn** atoms distributed
statistically over half of the octahedral positions. The
dimension of the hexagonal unit cell are ag = 2.85
0024, c0=4.48+0.03 A.

Data are given of detailed analytical electron
microscope study of akhtenskite and its variety Fe-
akhtenskite from a second locality at Mt. Zarod in
Sikhote Alin.

Successful experiments to obtain £-MnO2 bio-
genically, by rapid reaction oxidation of Mn?* o
Mn*, are described. The experiments suggest that
the oxidation of manganese to form akhtenskite in
nature is related to bacterial action.
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