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ABSTRACT : Crystal-chemical study of hexagonal 7A phyllomanganate minérals reveals
that they have hexagonal layer structures with variable ¢ dimensions which depend on the na-
ture of interlayer cations and content of water molecules between edge-sharing [MnOs] octahe-
dral layers. ]

Approximately one out of nine octahedral sites is statistically vacant, leading to the general
unit cell formula R, Mn‘l‘ixOZ- nHQ, where R=Ca, Mn?* Mg, K, Na;x=0.09—-0.14;n=037—
0.84. Z=1. The minerals of this formula fall under the name of rancieite group. It includes
Ca-dominant (rancieite), Mn?* -dominant (takanelite), Na-dominant (birnessite), and Mg-domi-
nant members. Minerals of the rancieite group occur predominantly in two different hydration
states, i.e, n shows the values around 0.35 and 0.75. It is suggested that minerals of higher

hydration state be called as species (i.e.,

rancieite, etc.) and those of lower hydration state be

called as dehydrated varieties (i.e., dehydrated rancieite, etc.).
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INTRODUCTION

Hexagonal 7A phyllomanganate minerals
refer to hexagonal manganese oxide minerals
that are characterized by layer structure with
basal d(001) spacing in the range of 7.1—76A.
The minerals include rancieite, birnessite and re-
lated phases and show widespread occurrence in
marine and terrestrial manganese deposits.

Our present knowledge on these minerals is
considerably limited due to the scarcity of precise
characterization works available, owing to their
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poor crystalline nature and common occurrence
as mixtures with other phases. The relationship of
7A phyllomanganate minerals has not yet been
studied in detail.

Although the name birnessite was originally
given to the Na-dominant member of the 7A
phyllomanganate minerals (Jones and Milne,
1956), it has been also applied to other cation-
dominant members with d(001)=7.1—7.4A re-
gardless of their chemistry in many previous
works. Such an ambiguous application of the ter-
minology has led to a considerable confusion in
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the current understanding of phyllomanganate
minerals. Confusion is also arising in the
differentiation of birnessite and rancieite. For in-
stance, the phyllomanganate mineral with d(001)
=74A was named birnessite by Frondel et al,
(1960) and Yoshimura(1967), whereas rancieite
by Sorem and Gunn(1967). Further confusion has
arisen from takanelite which has same X-ray dif-
fraction pattern as rancieite. All these confusions
have been raised from the poor understanding of
crystal chemistry of 7A phyllo-manganate miner-
als.

During the study on manganese ores, the
present author was able to collect many different
samples of 7A phyllomanganate minerals from
different localities. X-ray and chemical analyses
of these samples were carried out to know the
range and the cause of variation in chemistry and
X-ray data which are generally encountered in
these minerals.

Based on the data collected by the author
and those by others, hexagonal 7A phyllo-manga-
nate minerals are reviewed and then their crystal
chemical nature is discussed in this paper.

REVIEW OF PREVIOUS
WORKS

Since the birnessite was first named by Jones
and Milne (1956) from Birness, Scotland, it has
been reported from many localities. Birnessite
from Birness has the formula (Na,, Ca,,) Mn,
O,, 28H,0(Jones and Milne, 1956) and shows
four powder diffraction lines. Electron micro-
probe analysis of birnessite from Boron, Califor-
nia gives the formula Na,,,Ca,, Mn}2Mn¢3,
0,,; 29H,0(Brown et al, 1971). The formula of
birnessite from Finland is (Ca, Na, K) (Mn, Fe, Al,
Mg),0,,; nH,O(Kolijonen et al, 1976). Birnessite
from Cummington (actually Plainfield), Massa-
chusetts, shows a considerably high MnO content
(16.07%), but low content of Na,O and CaO
(Frondel et al, 1960). They gave the formula (Ca,
Mg, Na,, K,), (Mn**, Mn?*) (O, OH), . It has
been revealed by the present author that it is not
birnessite, but a mineral related to takanelite as
will be discussed later in this paper. Birnessite
from the bottom beds of the Caribbean Sea shows

high Mg content as shown in the formula (Na,
K, Ca) 43M8, o, Mn; o (Fe, Co, Ni, Cu) 44,0,
3.8H,0 (Glover, 1977). Recently Chukhrov et al.
(1985) proposed the structural formula [Mn,,,
Nag s Kogs Cagor (OH)gy, (H,0)45,1% [Mn
Mg, ,,0, 5; (OH), ., 1 for the birnes-site from the
Pacific Ocean.

Crystal structure of birnessite has not been
determined because of its minute grain sizes.
However, Feitknecht and Marti (1945), Buser et
al. (1954) and Frondel et al. (1960) discussed the
layer structure of 7 A phyllomanganates. More
pertinent information on its structure has been
derived from electron diffraction analysis of
synthetic compounds by Giovanoli et al. (1970 a,
b) and Giovanoli and Stahli (1970). According to
them, the structure of synthetic birnessite, Na,Mn,,
0,7 9H, 0, consists of alternating layers of edge-
shared [MnO, ] octahedra and sheets of water
molecules by analogy with chalcophanite struc-
ture (Wadsley, 1955). One out of six octahedral
sites in the layer of linked [MnO,] is vacant as
compared with one out of seven in chalco-
phanite.

According to Chukhrov et al. (1978), the mag-
nitude of the parameters of the hexagonal cell of
birnessite under TEM are a=287,c=7 A, while
the XRD data show ¢=7.16 A. The difference in
¢ dimensions is probably due to a partial dehy-
dration which might have taken place in vacuum
and thereby contracted the mineral structure.
They also show that the distribution of vacant po-
sitions in the octahedral layers of birnessite are
apparently disordered as compared to chalco-
phanite. Burns and Burns (1977, 1979) reviewed
the structure of the synthetic and natural
birnessites. Recent EXAFS study on synthetic 10
A and 7A phyllomanganates by Stouff and
Boulegue (1988) supports a model of the
phyllomanganates structure by Giovanoli (1969).

The name ‘rancieite’ dates back to Leymerie
(1859). The name was later used by Lacroix
(1910) and Hintze (1930) as a synonym of psilom-
elane. Fleischer and Richmond (1943) showed
that rancieite should not be included in the psi-
lomelane group, and proposed the formula (Ca,
Mn?*)Mn{*O,- 3H,0 for rancieite from Cuba.
Perseil (1967) studied the material from the type
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locality at Pyrene and gave the formula RO -
4MnO, - 4H,0. Richmond et al. (1969) made a
systematic study on materials from USA, Cuba,
France and Bulgaria, and presented the formula
(Ca, Mn?*)O - 4MnO, 3H,0. Bardbssy and
Brindley (1978) studied rancieite from a Greek
occurrence and proposed the empirical formula
(Ca,y Mng3,Mg ) O - 4MnO, 3.66H,0, which
is close to that of mineral from Cuba. Chukhrov
et al. (1979) calculated the formula of rancieite in
correspondence with the formula Ca,Mng* O,,-
6H,0. Barrese et al (1986) characterized the
rancieite from Italy, and gave the formula CaMn ‘
O, - 4H,0.

Rancieite has a hexagonal cell with a=2.841
¢=7540 A (Richmond et al, 1969) for the sample
from Oriente Province, Cuba, and a=283(4), ¢c=
755A for that from Greece(Bardossy and
Briandley, 1978). Rancieite has the hexagonal cell
with a=288, ¢c=7A under the electron micro-
scope (Chukhrov et al, 1979). The decrease of the
magnitude of ¢, as compared to that of the natu-
ral state, is the result of dehydration and redistri-
bution of water in the structure under the influ-
ence of the vacuum of the electron microscope.
The structure of rancieite was studied by
Chukhrov et al. (1970, 1985) using electron dif-
fraction and showed that the electron diffraction
pattern of the (001) basal plane of rancieite con-
tain only the rare intense network of reflections,
which can be associated with the disordered dis-
tribution of vacancies in the octahedral layers,
and that all the R** occupies interlayer positions.
The layer type structure of rancieite that
Giovanoli (1969) referred to as “the birnessite
family” was also suggested by Bardossy and
Brindley (1978).

Although it has been generally accepted that
birnessite and rancieite have similar layer struc-
tures as suggested by Giovanoli et al. (1970 a, b),
Bardossy and Brindley (1978), Potter and
Rossman (1979), and Burns and Burns (1979), the
relationship of two minerals has not been studied
in detail.

Electron diffraction studies by Giovanoli et
al. (1969), and Chukrov et al. (1978;1979) suggest
that birnessite and rancieite have hexagonal cells
in which the vacant octahedral sites are disor-

dered leading to c=70—7.5 A. However, Potter
and Rossman (1979) concluded from their infra-
red study that birnessite and rancieite have simi-
lar layer structures, but significant differences in
the arrangement of octahedral frameworks.

Detailed study on the relationship of
birnessite and rancieite was discussed first by
Chuhrov et al. (1979) and Kim (1980). Chukhrov
et al. (1979) carried out electron diffraction and
chemical studies, and insisted that rancieite and
birnessits are members of the same isomorphous
series of minerals of the chalcophanite structure
type and that the difference between rancieite
and birnessite lies in dissimilar interlayer cations.
Kim (1980) showed that solid solution series exist
between the Ca- and Mn**-dominant members
and that main difference between two series lies
in the difference of interlayer cation and the con-
tent of water molecules.

CHEMICAL COMPOSITION

Chemical analyses of minerals were carried
out using the electron-microprobe A. R. L. instru-
ment (for cations) and by wet-chemical method
(for Mn and H,0). Standards for electron-micro-
probe analysis include pure metals, synthetic and
natural minerals. In order to differentiate Mn**
and Mn?*from total Mn, The available oxygen
was determind by the titration (Furman, 1966).
Available oxygen is allotted to MnO, from the
total Mn, and the remaining Mn is calculated as
MnO. H,O is total water. Total water was regard-
ed as the interlayer water molecules. This is based
on the present observation that on heating the
rancieite and related phases the water started to
escape already at 50—607C, resulting in the de-
crease in the basal spacings of the hexagonal 7A
phyllomanganate minerals.

Chemical analyses of selected hexagonal 7A
phyllomanganate minerals including rancieite,
birnessite, takanelite and other related phase, are
given together with some of reported data in
Table 1.

Examination of Table 1 reveals that when O
=18, Mn** varies from 7.72—8.19 and averages
801 suggesting that the [MnO,] octahedral
layer has roughly Mn,O,, composition due to
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vacancies in octahedral sites. It suggests that ap-
proximately one out of nine octahedral sites is
statistically vacant leading to Mn §7, O, (x=08l1
—1.28) as the composition of octahedral layer in
the 7A phyllomanganatie minerals. The excess
negative charges due to vacancy in octahedral
sites are balanced by the mono- and divalent cat-
ions in the interlayers. The total number of

interlayer cations (R) varies from 1.72—2.60 ap-
proaching the value of 2x in each mineral.

The above structural model led to the deriva-
tion of new general formula, R, MngJ* O, nH,
O, where R=Mn?*, Ca?%, Mg?%, Na", K"; x is
the total number of vacant sites per 18 oxy-
gens; 2 X is the total number of interlayer cations
per 18 oxygens, and n is 3—8. Assuming that x is

Table 1. Chemical analyses of hexagonal 7A phyllomanganate minerals of szM“4+ O, n H, O and their inter-

1-x—2
pretation.

RO ) 3) @) ) ©) ™ ®)
MnO, 75.04 64.8 69.56 66.66 74.01 79.08 54.24 75.8
MnO 3.31 3.0 6.75 16.07 10.42 11.21 4.66 -
CaO 8.10 6.1 7.78 1.05 3.64 0.30 1.65 0.39
MgO 0.16 0.32 0.10 0.23 0.59 — - 6.2
Na O 0.12 0.11 0.02 0.16 — 0.04 217 1.9
K,0 0.26 0.12 0.08 0.09 0.33 1.40 - 1.8
H,O 12.62 13.69 7.21 10.83 11.50 7.97 10.87 10.34
Fe,O, 0.12 2.9 8.50 0.86 0.26 — 2.88 i.1
Al O, 0.12 2.6 - 0.83 - - 3.32 -
SiO, 0.61 0.7 - 2.62 — - 18.92 0.9
others 0.12 0.31 — 1.47 — - 0.28 1.57
total 100.50 97.65 100.87 100.87 100.75 100.00 98.99 100.00
Mn** 0.896 0.906 0.870 0.858 0.881 0910 0.906 0.892
Mn2* 0.049 0.049 0.104 0.253 0.152 0.058 0.095
Ca 0.150 0.124 0.151 0.021 0.067 0.005 0.043 0.007
Mg 0.004 0.010 0.003 0.006 0.015 - - 0.157
Na 0.007 0.004 0.001 0.006 — 0.002 0.102 0.063
K 0.006 0.002 0.002 0.002 0.007 0.040 - 0.039
0 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
H,0 0.724 0.830 03/7l 0.648 0.659 0443 0.754 B 0.580
R 0.215 0.189 0.260 0.289 0.242 0.195 0.240
Ca/R 0.70 0.65 0.58 0.07 0.28 0.04 0.18
Mn?* R 0.23 0.27 0.40 0.88 0.63 0.78 0.40
X 0.104 0.094 (0.130 0.142 0.119 0.090 0.095

For9(R, Mn} 0,- nH,0)

n 6.512 7.470 3.339 5.835 5.947 3.988 6.784 5218
R 1,935 1.720 2.337 2.599 2.129 1.915 2.154 2.064
X 0.940 0.850 1.168 1.281 1.056 0.807 0.805

Note:Fe ,0;, SiQ, and Al,O, were interpreted as due to impurities such as goethite, kaolinite and quartz
(1) Rancieite from Oriente Province, Cuba (Richmond et al, 1969).

(2) Rancieite from Itéa, Greece (Bardossy and Brindley, 1978).
(3) Rancieite (dehydrated) from Anson Betts mine, Plainfield, Ma, U. 5. A(this work).
(4) Takanelite from Anson Betts mine, Plainfield, Ma,, U. S. A. (Frondel et al, 1960).

(5) Takanelite from Janggun mine, Korea(this work).

(6) Takanelite (dehydrated) from Anson Betts mine, Plainfield, Ma, U. S. A. (this work).
(7) Birnessite from Birness, Scotland (Jones and Milne, 1956).
(8) Mg analogue of birnessite from Caribbean Sea (Glover, 1977). Electron microprobe data.
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1, the formula becomes RMn;" Oy nH,O, which
has the same form as CaMn,O, 3H,0 by
Fleischer and Richmond (1943), (Ca, Mn?*) O -
4MnO, 3H,0 by Richmond et al. (1969), and
CaMn,Oy; 4H,0 by Barrese et al. (1986).
Fleischer and Richmond’s (1943) formula is an-
other expression of the same formula as R, Mn3*,
O, - nH, 0, assuming x=1.

The formula R, Mn {2, O ;- nH,0 is for the
multiple cell consisting of nine unit cells. There-
fore, the unit cell has the formula R, Mn %0,
nH, O, where x=009—0.4, and n=037—-083.
According to this new interpretation of chemical
analyses, birnessite from Birness, Scotland (Jones
and Milne, 1956) has the formula (Na,,,Mn3},
Ca, o, )Mng3 O, 0.75H,0, whereas that from
Plainfield, Ma, U. S. A. (Frondel et al, 1960) has
the formula (Mn}3;Ca,Na, ) Mn{3,0, 065
H,O0.

On the basis of the dominant cations in the
interlayer, the hexagonal 7A phyllomanganate
minerals are chemically divided into the follow-
ing four members.

(Ca,Mn’", Mn{Z, O, -nH,O Rancieite
(Mn?} Ca),, Mn{*,0,-nH,0 Takanelite
(Mg, Mn**), Mn{? O, nH,0 Mganalogue
(Na,Mn**), Mn{*, O, nH,O  Birnessite

Among the above four members, rancieite,
takanelite and birnessite are already existing spe-
cies, whereas remaining Mg analogue of rancieite
has not yet been described. Excluding the Na-
dominant member (birnessite) and Mg-dominant
member, we have the minerals in which Ca and
Mn?* are the dominant cations in the interlayer.
Chemistry of these minerals suggests that a solid
solution series exists between two end mem-
bers ; Ca, Mn{!,0,- nH,0 and Mn%/ Mn}* .0,
nH,O. The various. ratios of the dominant cation
to the total interlayer cations (Mn2*/R and Ca/
R) (Table 1) also display such a relation.

The content of water molecules of the
hexagonala 7A phyllomanganate minerals is con-
siderably variable from sample to sample and
even in one species. The mumber of water mole-
cules per each formula unit in the minerals stud-
ied ranges from 0.37 to 0.83. However, excluding
the Na- and Mg-dominant members, both Ca-

and Mn?*-dominant members show a discon-
tinuity between n=0.44 and 0.65. Both members
occur predominantly in two different hydration
states; n=0.37—0.44 and 0.65—0.83 in nature.

X-RAY DIFFRACTION DATA

X-ray diffraction data were obtained from
powder films using 114.6mm Gandolfi camera
and FeKa/Mn radiation. The original birnessite
of Jones and Milne (1956) has 4 diffraction lines
at 7.27, 3.60, 2.44, and 1.412A. An examina-
tion of X-ray powder patterns of birnessites so far
reported, shows that there is a wide variation in
their interplanar spacing,'especially in those of
the first two lines. Such a variation is also ob-
served in the X-ray powder patterns of rancieites.

The X-ray powder data of hexagonal 7A
phyllomanganate minerals in this study were in-
dexed on hexagonal cells. The X-ray powder dif-
fraction data and unit cell parameters of each
member of 7A phyllomanganate minerals are
given in Table 2. The unit cell content (Z) is one.

CRYSTAL CHEMISTRY

Among the four members that are based on
the dominant cation in the interlayer of 7A
phyllomanganate minerals, Mn?* member has
not been studied in detail so far. In order to know
the crystal-chemical relation between Ca-and
Mg-dominant members, d(002) vs. chemical com-
position were plotted in Fig. | in terms of a system
consistin of two end members ; Ca, Mn{’,0,
nH,0 and Mn};Mn{*,0,- nH, O. Considering the
difference in ionic radii of C#* (099A) and Mn?*
(0.80A), it is expected that ionic substitution in
the interlayer results in the distribution pattern of
points with high gradient as shown in Fig 1. In
calculating the mole percentage of Mn?*and Ca,
minor Mg was added to Mn?*, and Na to Ca,
since Mg is similar to Mn?*, and Na* and K to
Ca in ionic radii. K is nearly negligible because of
its small amount.

However, a close examination of Fig. 1 shows
that minerals are plotted along two parallel
curves; upper curve with n=065-—0.83 and lower-
curve with n=0.37—0.44. Minerals with n between
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Table 2 X-ray powder diffraction data of hexagonal 7 A phyllomanganate minerals. Numbers in ( ) are the
samie as in Table 1.

()] 3 @ % (6) ¢

Rancieite Rancieite Takanelite Takanelite Takanelite Birnessite

(Oriente Province, (dehydrated form) (Anson Betts Mine, (Janggun mine, (dehydrated form)  (Birness, Scotland
Cuba; Richmond  (Anson Betts mine, Ma, U.S. A,; Korea; this (Anson Betts mine, Ma, ; Jones and Milne,
et al, 1969) Ma.U.S. A thiswork) Frondel et al, 1960) work) U.S. A;this work) 1956)
I d(A)  hk! I dA) I d(A) I  d(A) hkl I d(A) I d(R)
s 157 001 5 7.37 s 7.31 s 125 001 s 6.98 s 1.27
m 377 002 w 3.61 w 3.60 w3619 002 w 3.49 w 3.60
w246 100 m 2.424 m 244 m 2451 100 s 2.461 m 2.44
m 234 101 w 2.347 w2347 101
m 2.06 102
m 176 103
m 1.423 110 m 1.411 m 1418 m 1429 110 s 1.422 m 1.412
a=2841 A a=2799 A a=2818 A a=2.830 A a=2842 A a=2818 A
c=7.540 A c=722 A c=720 A c=7.240 A c=698 A c=720 A
39 - T T —T— T T T T T

d002(A)

3.4 L ] L 1 L 1 L L N

20 40 60 80 100
Mn2iMn{f O, nH,0 Mol. %. Ca, Mn}* O - nHO

1—x
Fig. 1. Variation of d(002) spacings as a function of composition of the solid solution series consisting
of two end members;Ca , Mn{* O,- nH, O and Mn 2 Mn{* O,- nH, O. The upper curve s for the rancieite
and takanelite, and the lower curve is for both’s dehydrated phases.

044 and 065 have not yet been identified. More bers are rather stable in both ranges of hydration
detailed study is necessary to prove the presence states. The upper curve is for the more hydrated
of such a gap in the content of water molecules in minerals, while the lower curve for the less
the Mn?*- and Ca-dominant members. It can be hydrated minerals.

said, however, that Mn2*- and Ca-dominant mem- In order to know the relationship between

~39—
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Table 3. Summary of crystal-chemical data of
some hexagonal 7A phyllomanganate minerals of for-
mula R, Mn{? 0 n H,0,and expected d(001) spac-
ing for each mineral.

For specimens studied

: [Dominant|
Mineral cation in X n d?}{))l) dg(}{))l)
R

Expected

Rancieite | Ca |009- |072- |7.56- |7.40-
010! 083, 757 172
Dehydrated -, 013 | 037 | 731 |16

rancieite 7.48

4 2o 1012-  [0.65- | 698- | 7.08-
Takanelite |  Mn 014] 066 731 740
Dehydrated 2 6.84-
Dehydrated oo | 009 | 044 | 698 716
Bimessite | Na 00| 075 727

two curves, dehydration experiments on rancieite
and Mn**analogue of rancieite were carried out.
On heating at 350°C for one hour, d(001) spacing
of rancieite (sample No.l in Fig. 1) from Oriente
Province, Cuba, collapsed from 7.57 to 7.14 A. On
heating at 200C for 24 hours, d(001) spacing of
Mn**analogue (sample No.5 in Fig. 1) of rancieite
from the Janggun mine, Korea, collpased from 7.
25 to 6.90A, The dehydrated samples of this ex-
periment are plotted near the lower curve in Fig.
1. It suggests that the major difference in d(001)
spacings between two curves is due to the content
of water molecules. In other words, the minerals
on the lower curve are the dehydrated forms of
those on the upper curve.

Crystal-chemical data of phyllomanganate
minerals studied as well as the expected d(001)
spacings of each species and its dehydrated phase
which were calculated from Fig. 1 are summa-
rized in Table 3.

Chukhrov et al. (1985) suggested that Mn is
present as Mn** and Mn’" and (OH) is present
in both the octahedral layer and interlayer in the
birnessite from Pacific. In order to examine
Chukhrov’s model for all the 7A phyllo-manga-
nate minerals, the actual 2x/x ratios in the formu-
la R,,Mn{*,O,- nH,O were measured for both
cases when Mn in the interlayer is present as
Mn?* or Mn?", on the assumption that (OH) is
present only in the interlayer. The results are
given in Table 4.

The number of interlayer cation, theore-

— 40 —

Table 4. The, measured 2x/x ratios in the for-
mula R, Mn{* O nH,O in different states of Mn
in the interlayer R site.

. Measured 2x/x ratio
Mineral M+ M2+
(1) Rancieite 1.65 2.07
(2) Rancieite 1.50 2.01
(3) Dehydrated
rancieite 1.56 201
(4) Takanelite 1.38 2.04
(5) Takanelite 1.48 2.03
(6) Dehydrated
takanelite 1.44 217
(7) Birnessite 1.74 2.67

tically, should be twice the number of vacancies
(x) in the [MnO,] octahedral layer. Table 4 shows
that when Mn in the interlayer is present as Mn?*
the 2x/x ratios nearly approach to 20 for
rancieites and takanelites, but when it is present
as Mn’* they deviate from 2.0. These facts sug-
gest that the formulas based on (Mn**, Mn?")
are reasonable in rancieites and takanelites,
whereas those based on (Mn **, Mn 3*) are rea-
sonable in birnessite. Determination of exact con-
tent of (OH) in minerals studied was not possible.
Therefore, the possible content of (OH) has been
included in the values of the interlayer water
molecules.

DISCUSSION

One of the current problems in manganese
oxides is about the 7A phyllomanganate miner-
als. Much confusion was raised in using the terms
birnessite and rancieite, because the nature and
relationship of both minerals have not been clear-
ly known so far. Expecially the name ‘birnessite’
has been used for all the manganese oxide miner-
als which have diffraction pattern similar to that
of the original birnessite without considering the
chemical composition.

A more confusing point is that the validity of
rancieite has been questioned by Perseil and
Giovanoli (1979) from their electron diffraction
work. They show that the electron diffraction pat-
tern and calculated magnitude of the unit cells of
rancieite under vacuum of the electron micro-
scope are close to that of birnessite as has suggest-
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ed by Chukhrov et al.(1979). According to the
dehydration experiment by the present author,
dehydrated products of rancieite and its Mn?*
analogue are plotted respectively near the lower
curve of Fig 1. This is in accordance with the
electron diffraction data. However, all these ob-
servations do not indicate that rancieite and
birnessite are the same mineral species, but do
suggest that both minerals have similar structures.
The rancieite which was renamed as Mn?*-
birnessite by Perseil and Giovanoli {1979) might
correspond to the Mn?" analouge of rancieite in
the present work. Although hexagonal 7A
phyllomanganate minerals have the same layer
structures as discussed already, they show signifi-
cant differences in the unit cell dimensions, the
contents of cations and water molecules.

From the present study on the nature of hex-
agonal 7A phyllomanganate minerals, it has been
suggested that they have the common formula R,
Mn?f O, nH,0, and are divided into four mem-
bers ;that is, Ca-dominant (rancieite), Mn2*-dom-
inant (takanelite), Na-dominant (birnessite), and
Mg-dominant members. In addition, it has been
known that Ca-and Mn?"-dominant members
form two separate solid solution series, each
having the different hydration states.

Takanelite was newly characterized by the
present author (Kim, in press). Takanelite, (Mn?",
Ca) Mn;*Q,- nH, 0 (n=1.3) which has been
named by Nambu and Tanida (1971)as the Mn?*
analogue of rancieite and approved by IMA, be-
comes the subject of serious discussion. The fact
that it has the same X-ray powder diffraction
pattern as that of rancieite is not reasonable, con-
sidering the difference of ionic radii of Ca and
Mn®* | It should be plotted toward the Mn’*-end
member side of the upper curve in Fig. 1. [t is not
similar to the Mn?* analogue of rancieite of the
Present study in various aspects. Considering the
Powder diffraction data of takanelite, it is unrea-
sonable that it has high Mn”* and low H,O con-
tent. The fact that X-ray powder data of
takanelite match those of rancieite quite well,
Suggests that it might be rancieite containing im-
Purities such as todorokite and braunite, as

Nambu and Tanida (1971) shows in their X-ray
data. The takanelite suggested in this study may
be the true Mn2" analogue of rancieite rather
than the Nambu and Tanida’s takanelite.

The Mg analogue of birnessite in this study
was also originally called birnessite for the sam-
ple from Carribean Sea by Glover (1977). How-
ever, according to the present interpretation of its
chemistry it might be the Mg analogue of
birnessite. The structural and chemical characters
of this mineral were also confirmed by the pres-
ent author for sample which was sent from Dr. E.
D. Glover. However, a problem is that it is consid-
erably well crystallized giving 14-17 diffraction
lines. It seems that more study is needed for justi-
fication of Mg analogue of birnessite.

It became clear from this study that the basal
spacings of hexagonal 7A phyllomanganate min-
erals depend on the nature of interlayer cations
and the content of interlayer water between edge-
sharing [MnQ, ] octahdral layers. Since each spe-
cies occurs showing wide variation in hydration
state, it is reasonable that minerals with higher
hydration be called species (i. e, rancieite, etc.)
and those with lower hydration be called
hydarated varieties (i. e, dehydrated rancieite,
etc.). Ideally, fully hydrated hexagonal 7A
phyllomanganate minerals might have n=1 in
the formula. The expected d(001) values of each
species and dehydrated species are given in Table
3.

It is difficult to identify the mineral species of
7A phyllomanganate minerals only by X-ray dif-
fraction, because both the higher hydrated and
the lower hydrated curves are overlapped in d
(001) spacings. For instance, a mineral with d
(002)=13.60 A may be either the Mn?" analogue
of ranceite (sample No4) or dehydrated ran-
cieite (sample No. 3). Therefore, as far as the
identification of 7A phyllomanganate minerals is
concerned, data from both X-ray diffracition and
chemical analysis of the mineral are indispensa-
ble. Otherwise, exact identification is not possible.
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