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ABSTRACT : The natural (Ca,Mg)-buserite has been identified from the manganese oxide
ores of the Janggun mine, Korea, which have been formed by supergene weathering of sedimen-
tary-metamorphic rhodochrosite. It occurs together with rancieite forming one very fine-grained
buserite-rancieite flake. This (Ca,Mg)-buserite-rancieite occurs as microcystalline flaky crystals.
[t precipitated around the fine-grained takanelite aggregate. Electron microprobe analyses give
the formula (Ca.s Mg MngsMnds O. - 1.46H.0 for (Ca, Mg)-buserite.

The dehydration experiments by relative humidity control and heating as well as
rehydration experiment by relative humidity control show that (Ca,Mg)-buserite dehydrates
completely at 90°C and rehydrates up to 27% of the original state. The dehydration at 26% RH
(corresponding to heating to about 40°C) is characterized by the decrease in the intensity of 9.86
A peak with slight shifting to 9.60A. It is due to the loss of very weakly bound water molecules
in the interlayer. The dehydration from 40°C to 90°C is characterized by the gradual shifting of
001 peak from 9.60A to 7.42A. It is due to the loss of weakly bound water molecules in the
interlayer.

R0 FFYNe] MAYHFAA 444 (Ca,Mg)-$ M2t EE BAsA LR, o)t B4
& A4719 FYae B4 sl o8] JYHAC TAZelEL BAlololES B AY
o) wAeiol E-gAlolo] E GHE o) ot of (Ca,Mg)-¢Aetol E-RAlolo| Ex: G4 &S B
oz AAET o]t AP thdlE PYA 9ol AN Urk WAAN B AW, 2
42} (Ca,Mg)-¥ Mol Ex (CanMgoMni )MniO, - 146HO09] 813148 Zech

grigEel 28 2 ldo) o8 LAY AUEE 2o 2% A58 AgololstY, (Ca,
Mg)- At E= 90TColA A3 M 27% o] AFEHEch JUEE 26%01 49 (10T
g 399 AASHE) BEAYE 9864 HAAY 90ACDY dh L FE FiE 5K
ALk o F7hel WS oAl ATE BEAL WE 71918 0THA 0CAA FhGe
oj% BFEAL 001 5 WA0] 960ACIA T42ATA HolH ol Fos EFAA. ol F7tol
oksizl A¥T o} Qb BEAL FEo 8 Rolth

INTRODUCTION (Giovanoli et al, 1970). It has been reported from

marine manganese nodules by Arrheniuns and

Buserite is the name given by Giovanoli et al. Tsai (1981), Chukhrov et al. (1984), and Oswald
(1971) to the 10~A phase in the sea-floor manga- and Dubrawski (1987), as well as from the terres-
nese nodules, which was assumed to have the trial manganese oxide deposit by Kim and Chang
same structure as synthetic “10 A manganate” (1989). The mineral name buserite was approved
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by the Commission on New Minerals and Miner-
al Names, International Mineralogical Associa-
tion (Hey and Embrey, 1974), but it is not listed in
Fleischer’s “Glossary of Mineral Species” (1991),

Buserite has two interlayer water molecules
between [MnOs] octahedral sheets, which are dif-
ferent from rancieite group mineral (rancieite,
takanelite and birnessite) having one interlayer
water (Stouff and Boulgue, 1988). On the basis of
dehydration experiment for Ca-buserite from
Dongnam Mine, Kim and Chang (1989) suggested
that buserite be a hydrated form of rancieite.

Dehydration of buserite was studied by the
relative humidity control for synthetic buserite
(Tejedor-Tejedor and Paterson, 1979) and heating
for natural buserite (Kim and Chang, 1989). Teje-
dor-Tejedor and Paterson (1979) showed that the
stability of the 10-A phase in synthetic buserite is
determined by the nature of interlayer cation and
that the collapse of 10-A phase is irreversible ex-
cept Ca-buserite. Heating experiment by Kim
and Chang (1989) revealed that Ca-buserite dehy-
drates at 90C to become rancieite. This fact sug-
gests that Ca-buserite has the same composition
as rancieite except the water contents.

Synthetic Na-buserite is formulated as [Mn%"
(Mn*, Mn*)0..]* [Na{OH ){H.O»]" (Giovanoli
and Arrhenius, 1988), but the chemistry of natural
buserite has been uncertain. The major cation in
the interlayer of buserite from Dongnam mine is
Ca (Kim and Chang, 1989). Crystal chemistry of
rancieite group minerals supposed to have struc-
ture similar to that of buserite has been studied
by Kim (1990, 1991). He gives the chemical for-
mula for rancieite group minerals R..\Mn{" .0 -
nH.O by Kim (1990, 1991).

This paper aims to report the chemistry and
dehydration behavior of the natural (Ca, Mg)-bu-
serite from the Janggun mine.

OCCURRENCE

Geology of the Janggun mine area consists of
the Jangsan quartzite, the Dueumri Formation
and the Janggun limestone of Cambrian in one
age. Manganese oxide ores were formed by
supergene oxidation of rhodochrosite or other
manganiferous carbonates (Kim, 1979).

(Ca,Mg) -Buserite usually occurs together
with rancieite in one very fine-grained buserite-
rancieite flake. Both phases are microscopically
not distinguishable to each other. The (Ca,Mg)-
buserite-rancieite flakes are precipitated around
the fine-grained takanelite aggregate. They are
light grey to white in color, and show distinct
bireflectance and anisotropism in reflected light.
Their sizes are less than 0.05mm (Fig. 1).

METHODS

Polished sections of the manganese oxide
ores from the Janggun mine were prepared for
electron microprobe analysis and textural study.
The buserite-rancieite flakes were carefully col-
lected by hand picking under the stereomicros-
cope, and agitated in water by ultrasonic cleaner

Fig.1. Microphotograph of (Ca, Mg)-buserite-
rancieite (B) and takanelite (T) from Janggun mine,
Korea.
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for X-ray analysis and dehydration experiment.

Chemical analysis of the samples was carried
out by the wave dispersive method using a JEOL
Superprobe 733 at Seoul National University, at
20KV with beam current of 20nA and beam di-
ameter of 1 um.

The dehydration experiments of the samples
were carried out by stepwise lowering of relative
humidity or by heating In order to control the
relative humidity of the samples, we used the
newly manufactured cylindrical chamber, a mod-
ified model of Churchman (1970). It was directly
attached to the sample holder of X-ray goniome-
ter. The relative humidity was controlled by the
saturated salt solutions or sulfuric acid solution
of known concentration (Weast, 1988). Heating
experiment was carried out using Rigaku high
temperature attachment and programmed tem-
perature controller, PTC-10A. X-ray intensity
data were collected with automated Rigaku
Geigerflex by the step-scan mode, using Ni-fil-
tered CuKa radiation at 40K V/30mA.

RESULTS
X-ray Diffraction Study

X-ray diffraction analysis was performed for
the flaky sample which was carefully collected
under the stereomicroscope. The result shows
that the flaky mineral has characteristic 9.86A
and 7.60A peaks. Peaks at 9.86A and 7.60A are
for (001) reflections of 10-A pahse (buserite) and
7-A phase (rancieite), respectively. Therefore, it
became evident that the flaky mineral is in fact a
mixture of the buserite and rancieite. This fact is
also supported by the observation that the rela-
tive intensity of two peaks are variable from sam-
ple to sample. An endeavor to find the single 10—
A phase was failed. It might be due to the easy
dehydration of 10-A phase to 7-A phase at low
temperature,

Chemical Composition
The buserite-rancieite flakes are not abun-

dantly found in manganese oxide ores. They were
analysed by electron probe microanalyser. Chem-

ical analyses of the buserite-rancieite flakes were
regarded as those of buserite only. It is based on
the assumption that buserite has the similar layer
structure and chemistry as rancieite except the
contents of water molecules. Dehydration experi-
ments (Tejedor-Tejedor and Paterson, 1979; Kim
and Chang, 1989) also revealed such a conclusion.

Since Mn** and Mn®* are not separated in the
electron microprobe analysis, both values have
been theoretically calculated from total Mn using
the general formula of rancieite by Kim (1990,
1991). Kim (1990, 1991) suggested that the general
formula of rancieite group for 9 unit cells be R
Mnd™ O - nH:0, where R=Ca, Mn"*, Mg, K and
Na and x is approximately one. Therefore, if x=
1, the formula becomes R:Mns**Oy - nHO. Mn**
and Mn™* were calculated by using this formula.
The total number of cations in analyses was recal-
culated to 10, and 8 out of 10 was allowed to Mn""
and the remaining 2 to R. From this allocation,
the proportion of Mn™" was calculated from total
R. From the values of Mn** and Mn*", weight per-
centages of MnO. and MnO were calculated.
Water content was calculated by difference.

The resulting chemical compositions of the
buserite-rancieite flakes are given in Table 1. The
contents of Ca, Mn™ and Mg are variable from
sample to sample (Fig. 2). However, the chemical
analyses are mostly concentrated in the (Ca, Mg)-
rich field. The average chemical analyses show
that the flaky mineral is (Ca, Mg)-buserite having
the formula (CaxMgsMis Ku)Mrdh O. - 1.46H.
O. The number of Ca varies from 005 to 0.15 on
the basis of 2 oxygens. The number of water mole-
cules of (Ca, Mg)-buserite is expected to be larger
than 146, since the sample is actually a mixture of
(Ca, Mg)-buserite and (Ca, Mg)-rancieite.

Dehydration Experiment by Relative
Humidity Control

Dehydration experiments were performed
for the (Ca,Mg)-buserite-rancieite sample by
lowering the relative humidity (RH) from 93% to
6% at about 10% intervals. Four X-ray diffraction
profiles for different relative humidities are
shown in Figure 3. The intensity of initial 001
peak at 9.86 A decreased gradually with decreas-
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Table 1. Electron microprobe analyses of (Ca,
Mg)-buserite- rancieite from Janggun mine, Korea.

1 2 3 4 5 6 ™

MnO. 62.99 6400 64.85 68.11 67.90 65.72 66.91
MnO 033 119 186 334 402 556 301
CaO 700 588 520 308 299 217 4.17
MgO 169 225 234 314 269 206 249
FeO 015 019 015 009 011 007 013
ZnO 000 000 000 003 002 006 003
KO 020 0.19 027 040 0.60 053 035
NaO 010 000 006 018 0.12 024 0.10
HO 2753 2630 25.28 21.63 21.54 23.59 22.74
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

cation numbers on basis of 18 oxygens

Mn'™  8.019 8.010 8.018 8.033 8.038 8.045 8.025
Mn™ 0052 0.183 0.282 0482 0.583 0.835 0454
Ca 1.381 1.140 0996 0.563 0.549 0411 0.775
Mg 0465 0.607 0.623 0.799 0.688 0.544 0.644
Fe 0.023 0.028 0.022 0.013 0016 0011 0.019
Zn 0.000 0.000 0.000 0.004 0.003 0.007 0.004
K 0.047 0.044 0.061 0.087 0.132 0.120 0.077
Na 0.036 0.000 0.020 0.061 0.038 0.083 0.033
H:O 16.91315.88415.08512.32012.30513.93713.172

MR*% 26 91 141 240 290 415 226
Ca/R% 689 569 49.7 380 273 205 386
MgR% 232 303 31.1 398 342 270 321

* average of 79 data for(Ca, Mg)-buserite-rancieite.
** R=Mn*"+Ca+Mg+Fe+Zn+K+Na

Ca
100 0

o0 50 0
Mn** Mg

Fig.2. Ca-Mn"-Mg triangular diagram for (Ca,
Mg)-buserite-rancieite from Janggun mine.

ing relative humidity and the crest of the peak
gradually shifted from 9.86A at 93% RH to 9.52A
at 6% RH. The 001 peak of (Ca, Mg)-buserite at
93% RH was considerably sharp and symmetri-
cal, but it became broader and asymmetrical with
lowering the relative humidity.

On lowering the relative humidity from 93%
down to 32%, the 001 peak decreased only 14% in
intensity and from 986A to 9.73A in d-spacing
With prolonged time under the constant condition
of 26% RH, the intensity of 001 peak decreased
drastically by 62% with respect to initial intensity
and d-spacing of 001 peak decreased from 9.73A
to 9.60A , whereas the intensity of 76 A peak of
(Ca, Mg)-rancieite increased by 25% (Fig. 4). Ho-
wever, further lowering of the relative humidity
down to 6% resulted in no further change in the

(RH)

93%

32%

26%

6%

26 CuKa

Fig.3. X-ray diffraction patterns of (Ca, Mg)-
buserite-rancieite sample in equilibrium with different
relative humidities (RH).
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Fig.4. X-ray diffraction patterns showing the de-
hydration of (Ca, Mg) buserite-rancieite sample at
constant 6% RH with various lengths of time.

intensity. It is significant to mention that between
93% and 32% RH no additional peak appeared
betweein 9.6 A and 7.6 A peak (Fig. 3), but the 001
peak became asymmetrical below 26% RH sug-
gesting the presence of some minor intermediate
peaks.

Dehydration Experiment by Heating

Dehydration experiment of (Ca, Mg)-buserite
rancieite sample was carried out by increasing
temperature from 40°C to 90C with an interval of
5C or 10°C and at a heating rate of 1°C/min. X~
ray diffraction patterns were obtained after
heating for one hour at each temperature of 40,

50, 60, 70, 80 and 90°C (Fig. 5). With increasing
temperature, the basal reflection of (Ca,Mg)l
buserite gradually shifted from 9.60A at 40°C to 7.
42A at 90°C. The intensity of basal reflection of
(Ca,Mg)-rancieite increased gradually with in-
creasing temperature.

Rehydration Experiment by Relative
Humidity Control

Rehydration experiment was also carried out
for the dehydrated sample by raising the relative
humidity and then immersing it in water (Fig. 6).
By raising up to 93% RH, the basal reflection of
buserite increased slightly (13%) in intensity and
sharpness. This slightly rehydrated sample was
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Fig.5. X-ray powder diffraction patterns of (Ca,
Mg)-buserite-rancieite sample at different tempera-
tures.
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20 CuKa

Fig.6. X-ray diffraction patterns showing the
rehydration of the dehydrated (Ca, Mg)-buserite-
rancieite sample by controlling the relative humidity.
A:dehydrated at 6% RH. B:rehydration at 32% RH.
C:rehydration at 93% RH. D:immersion of sample
(C) in water for 5 months.

immersed in water for 5 months for further hy-
dration. It turned out from this experiment that
the sample was further hydrated resulting in the
increase (27%) in intensity and sharpness of the
001 peak. However, the complete rehydration was
not achieved.

DISCUSSION

The occurrence of natural buserite was re-
ported by several workers as mentioned above.
But the chemistry of buserite has not been clearly
defined yet. Ca-buserite from the Dongnam mine
was qualitatively characterized by energy disper-
sive spectrum (Kim and Chang, 1989). The pres-
ent paper may be the first report of the chemistry
and dehydration behavior of natural (Ca,Mg)-
buserite.

The sample studied in this work is actually
mixture of (Ca,Mg)-buserite and (Ca,Mg)—
rancieite. Dehydration experiment shows that the
sample is completely dehydrated at 90°C. This
fact indicates that the 10~A phase in the studied
sample is not todorokite but buserite, because
todorokite is stable up to about 30C (Bish and
Post, 1989; Kim and Chang, 1989).

The chemical analyses of this sample can be
regarded as those of (Ca,Mg)-buserite disregard-
ing the water content as mentioned already. The
number of water molecules in the formula of
buserite is actually the average content of water
molecules of (Ca,Mg)-buserite and (Ca,Mg)—
rancieite. It, therefore, is expected that the actual
content of water molecules of (Ca, Mg)-buserite
may be larger than that calculated from the anal-
ysis of (Ca, Mg)-buserite-rancieite sample.

The results of dehydration by controlling the
relative humidity as well as by heating show that
there are two types of water molecules in (Ca,
Mg)-buserite, that is, the very weakly bound
water molecules and the weakly bound water
molecules. The very weakly bound water mole-
cules dehydrate very easily above about 26% RH
and the weakly bound water molecules dehydrate
gradually up to 90C. Tejedor-Tejedor and Pater-
son (1979) show that synthetic Ca- and Mg-
buserite are dehydrated to 7A phase at 33% RH
and 3% RH, respectively, and that synthetic Ca-
buserite is dehydrated again by increasing the
relative humidity. The dehydration and rehy-
dration phenomena of the (Ca, Mg)-buserite are
in accordance with the combination of dehydra-
tion phenomena of synthetic Ca- and Mg-
buserite.

It can be concluded that the dehydration of

- 107 -



Hunsoo Choi and Soo Jin Kim

(Ca, Mg)-buserite at 26% RH is due to the loss of
very weakly bound water molecules,whereas de-
hydration from 40°C to 90°C is due to the loss of
weakly bound water molecules in the interlayer.
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