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Taranakite from the Onino-Iwaya Limestone Cave at Hiroshima
Prefecture, Japan: A New Occurrence
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Abstract

Taranakite—H; 6K 07(ALFe), 05(POy)s.0019.7H,0—o0ccurs as aggregates of fine powdery crystals inter-
calated in clay sediments in the Onino-Iwaya limestone cave at Hiroshima Prefecture, Japan. Cell dimen-
sions of the mineral determined by least-squares method on the basis of a hexagonal six-layer structure are
a = 8.718(2) A and ¢ = 95.18(3) A. Three endothermic DTa peaks occur at 120°C, 180°C, and 990°C, and
an exothermic peak at 550°C. The TG curve shows a weight loss of 31.1 percent in the temperature inter-
val from 100 to 200°C. The observed phase changes may be summarized as follows: (natural sample)
120°C, a partially dehydrated form; 180°C, a non-crystalline state; 550°C, a recrystallized state; 990°C, a
transformed state. Taranakite may be formed as bat guano in clay sediments takes up potassium and

aluminum ions dissolved from the clays.

Introduction

A mineral that was described and given the name
taranakite by Hector and Skey (1865) has been found
successively from caves in France (Gautier, 1894),
Italy (Casorio, 1904), Algeria, New South Wales, the
island of Reunion in the Indian Ocean (Palache,
Berman, and Frondel, 1957), and Pig Hole Cave,
Giles County, Virginia (Murray and Dietrich, 1956).
Gautier (1894) and Casorio (1904) named their min-
erals minervite and palmerite respectively, but these
were proved later to be identical to taranakite (Ban-
nister and Hutchingson, 1947).

This present paper reports the mode of occurrence
and some mineralogical properties of taranakite
recently found in the Onino-Iwaya limestone cave at
Hiroshima Prefecture, Japan.

Mode of Occurrence

Taranakite occurs as 20 X 20 X 1 cm (ca) lenticular
associated with a minor amount of apatite aggre-
gates of white powdery crystals intercalated in clay
sediments at 2 to 3 cm below the present surface. The
mode of occurrence of taranakite resembles that of
bat guano in the cave. Within the surrounding clay
sediments, which consist of mica, chlorite, halloysite,
montmorillonite, and kaolinite, taranakite is scarce
except below the taranakite lenses,

Mineralogical Properties
Specific Gravity

Fine crystals of taranakite, freed from impurity by
hand picking with a tweezers under a binocular,
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proved soluble in hydrochloric acid but not in water.
Their specific gravity, measured using a pycnometer,
is 2.06 and thus close to the calculated value (2.11)
given by Smith and Brown (1959), and to the value
(2.12) calculated from the present lattice parameters
and chemical composition. Crystal sizes are too small
(less than 0.01 mm) to provide reliable optical
properties.

TABLE 1. Chemical Analyses of
Taranakite
weight %
1 2 3
K,0 7.09 9.87 10.53
Na20 tr. nd. =
Cao tr. = =
Mgo tr. = =
MnoO nd. = =
A1203 19.03 18.65 18.99
Fe203 0.42 nd. -
P04 42.32 42.39 42.30
H20(+) nd. nd. 4.03*%
HZO(-) 31.10 29.51 24.15
Rem. ET. nd. -
Total 99.96 100.42 100.00
1: Present sample. 2: Synthetic
sample from chemicals. 3: Ideal
composition; H6K3A15(P04)818H20.

L] H20 calculated from H.

(Analyst, T.Sakae)
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TaBLE 2. X-ray Powder Diffraction Patterns

1 2 3 6 7 8

h k 1 dlcale) d(obs) 1/Io d(obs) 1/Io d(obs) 1/lo d(obs) 1/Io d{obs) 1/Io d(obg) 1I/Io d(obs) 1/Io
0 0 6 15.868 16.01 100 15,92 100 16.1 100 14.4 100 7.05 6
0 012 7.934 7.957 21 7.949 12 7.97 22 7.47 100 6.06 4
0 1 2 7.457 7.487 15 7.474 3 7.47 38 6.97 60 5.72 44 5.71 45
1 0 4, 7.196 7.225 3 7.237 1 7.20 6 6.56 20 5,212 7 51212 4
1 010 5.916 5.930 10 5.926 3 5.92 9 6.15 20 4,37 77 4,42 40 4.36 44
0 114 5.053 5.068 2 5.056 1 5,60 60 4.14 100 4.16 100 4,13 62
1 016 4.673 4,683 3 4.673 1 4,51 6 4,35 60 4,09 100
1 1 0 4.359 4.366 6 4,358 1 4.35 6 4.31 60 3.87 54 3.90 22 3.86 54
1, 1 .3 4,318 4,322 10 4,322 2 4,31 8 4,16 50 3.74 3
1 1 6 4,203 4.206 1 4.208 1 4,27 6 3.69 30 3.69 3
0 120 4.027 4,029 5 4.026 1 3.42 90 3.60 6 3.62 3 3.61 4
1 112 3.820 3.824 25 3.821 5 3.82 18 3.16 40 5,53 5

1 022 3.754 3.753 9 3.754 12 3.75 7 3.05 30 3.49 6 3.50 6
2 0 8 3.598 3.596 13 3.594 3 3.59 9 2,92 40 3.31 18 3.33 18
1 118 3.364 3.365 7 3.363 1 2,81 40 3.29 7
2 014 3.301 3.302 8 3.299 2 3.30 7 2,78 40 3.17 8
0 216 3.188 3.191 7 3.186 2 3.18 6 2.69 30 3.08 12 3.08 7
0 0 30 3.174 3.173 7 3.171 2 2,66 20 3.03 15 3.04 5 3.04 13
1 121 3,142 3.143 19 3.140 5 3.14 8 2.36 20 2,98 14 2,99 10
2 020 2.958 2.957 3 2.955 1 2.30 20 2,94 40 2,94 34
1 124 2.934 2,931 3 2.930 1 2.09 20 2.90 67 2,90 52
0 222 2.845 2.844 9 2,842 2 2.84 6 2.06 10 2 oflid 3
1 2 5 2,822 2.823 10 2.820 2 2,82 8 2.03 20 2,69 2
2 1 7 2,793 2,794 3 2.791 1 1.96 10 2,58 5 2.59 &
2 110 2,741 2,738 6 2.739 il 2,74 4 1.88 10 2,55 5 2.56 26 2,56 7
1 211 2,710 2.710 2 2.708 1 2,53 16 2.51 14
0 0 36 2,645 2.644 9 2,643 3 2,64 6 2,42 3
2 0 26 2.628 2.623 10 2.628 2 2.38 8
2 116 2,573 2.572 3 2.571 1 2,36 4 2,35 3
1 217 2.543 2,542 2 2.539 1 2.53 4 232! 4 2.34 g
0 3 6 2.486 2,485 1 2,481 1 2.47 2 2.31 6 2,31 3
3 012 2.399 2,398 6 2.397 1 2.39 4 2.28 6 2,27 3
1 223 2.349 2.348 2 2.345 1 2.26 5

0 0 42 2,267 2.266 2 2,266 1 2.26 2 2.23 3
2 2 0 2,179 2.173 1 2,16 4 2.16 3
1 229 2,154 2.151 1 2.150 1 2,11 4 2,11 5
3 0 24 2,125 2.123 2 2,120 1 2.09 4 2.08 5 2.09 6
2 131 2,090 2.094 2 2.090 1 2.10 2 2.06 6 2,06 4
1 3 7 2,070 2.069 5 2.070 1 2.07 4 2,02 3

3 027 2.048 2,047 2 1.996 5 1.993 2

1 = Calculated spacings; 2

Present sample; 3 = Synthetic sample from chemicals; 4

Synthetic sample from micas; 5 = Product

after heating at 120°C for 15 minutes; 6 = Product after heating at 600°C for one hour; 7 = Product kept at 1000°C for 40 minutes;

8 = Product after heating at 1000°C for 40 minutes.

Patterns 2, 3, 4 are untreated samples X-rayed at room temperature, whereas

5, 6, and 8 are heat treated samples X-rayed at room temperature, 7 is taken above room temperature (at 1000°C).

Chemical Composition

Using a 0.1 g sample, the chemical constituents
such as Fe**, Al**, Ca?*, Mg?*, Mn?*, and PO,*"
were separated from one another by ion-exchange
resins (Oki et al, 1962) and analyzed by chelate-
titration. Chemical constituents such as Na* and K+
were analyzed by flame photometer, and SO.2~ was
analyzed by the usual gravimetric methods. The
results are shown in Table 1.

Chemical formulas of taranakite have been
calculated on the basis of (PO,),, (PO,)s, (PO,)s, or
(PO,)s by Murray and Dietrich (1956), Haseman,
Lehr, and Smith (1951), Bannister and Hutchingson

(1947), and Smith and Brown (1959) respectively. We
used (PO,), as the basis because, in the present case,
the ion ratios so calculated were, as a rule, closer to
integers than those calculated on the other bases. The
resulting chemical formula

Hi 00K 07(AlFe€), 55(PO,4)s.0019.7HO

is close to that presented by Smith and Brown (1959)
except for more hydrogen and less potassium, this
suggesting substitution of H for K.

X-ray Crystallography

X-ray powder diffraction patterns (Table 2, col. 2)
obtained using a Rigaku diffractometer (CuKa,
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1.5418 A) agree with those reported by Haseman et al
(1951) and Murray and Dietrich (1956). Haseman et
al (1951) and Smith and Brown (1959) suggested that
their patterns of taranakite could be reasonably in-
dexed on the basis of a hexagonal six-layer structure.
Our pattern was indexed on the basis of the lattice
parameters given by Smith and Brown (1959). Using
these indices and observed spacings, the lattice pa-
rameters were refined to @ = 8.718(2) A and ¢ =
95.18(3) A by least-squares method. The computa-
tion was carried out on a MELcoM 7500 computer at
the Tokyo University of Education. On the basis of
these refined parameters, final indices and calculated
spacings were obtained as shown in Table 2, columns
1 and 2.

Thermal Study

DrtA and TG curves were obtained in air with
RiGaku thermoflex under the following conditions:
thermocouple, Pt-PtRh; reference, AlL,O; mean
heating rate, 10°C/min.; sensitivity (DTA), £250 uV;
sensitivity (TG), 10 mg; sample weight, 25.66 mg (Fig.
1-B). Three endothermic peaks occur at 120°C,
180°C, and 990°C. The first two endotherms accom-
pany a weight loss of 31.1 percent, but the last one
shows no weight change. On cooling, the DTA curve
shows a complementary peak corresponding to the
last endotherm. An exothermic peak occurs at 550°C
without weight change.

The heat-treated products were studied in the
following two ways: (a) The sample was heated at
various high temperatures for short durations of time
(15 min. to | hour) and then quenched to room
temperature. X-ray powder diffraction patterns of the
quenched sample were recorded. (b) X-ray powder
diffraction patterns were recorded at temperature
with a high-temperature X-ray diffractometer. The
X-ray powder pattern of the heat-treated product at
120°C (Table 2, col. 5) differed slightly from that of
unheated sample. The high-temperature pattern at
120°C appears the same as that of the quench
product (Table 2, col. 5). This suggests that the
modification is due to a sluggish phase transforma-
tion. The product heat-treated at 180°C is a non-
crystalline state which recrystallizes at about 550°C
as shown by an exothermic peak in the DtA curve.
High-temperature X-ray powder patterns show that
the d values of the reflections progressively increase
as temperature is increased from 600°C to 1000°C,
and that the three main reflections at 5.72 A, 2.94 A,
and 2.90 A have disappeared at 1000°C. However,
patterns of the quench product show that the above
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FiG. 1. DTA and TG analyses of taranakite. A:
Taranakite synthesized from AICl;-6H,O and
H,PO, with KOH buffer, pH 3, 60°C. B: Natural
sample.

modifications are reversible. This suggests that these
modifications are due to a rapid phase transforma-
tion.

Infrared Absorption Spectra

An infrared absorption spectrum of taranakite
(Fig. 2-A) was obtained with JAsco IR-2 using KBr
disk. The spectrum agrees with those reported by
Arlidge et al (1963). We could not confirm the oc-
currence of the absorption peak at 1600 cm~* which
Arlidge et al (1963) reported and attributed to the
vibration of ammonium ions.

Electron Microscopic Observation

An electron micrograph of taranakite shows thin
platy crystals of hexagonal shape and 2 to 3 u in
average diameter. These easily convert to a non-
crystalline state under the electron beam.

Synthesis of Taranakite

It has been reported that taranakite can be syn-
thesized from chemicals or micas (Haseman et al,
1950, 1951). We synthesized taranakite by the meth-
ods reported by these workers. The synthetic tar-
anakite is similar to the natural sample with regard
to chemical composition (Table 1, col. 2), X-ray
powder diffraction pattern (Table 2, cols. 3 and 4),
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FIG. 2. Infrared absorption spectra of taranakite. A: Natural
sample. B: Taranakite synthesized from AICl,.6H,0 and H;PO,
with KOH buffer, pH 3, 60°C. C: Taranakite synthesized from
Matsumae mica and H,PO, with KOH buffer, pH 3, 60°C.

DrA and TG curves (Fig. 1-A), and infrared absorp-
tion spectra (Fig. 2-B, C).

Conclusion

On the basis of the above data, the thermal change
of taranakite may be summarized as follows: (natural
sample) 120°C, a partially dehydrated form; 180°C, a
non-crystalline state; 550°C, a recrystallized state;
990°C, a transformed state. The endotherm at 120°C
represents a partial dehydration, the one at 180°C
represents a disintegration of the dehydrated struc-
ture, the exotherm at 550°C represents a recrys-
tallization, and the endotherm at 990°C represents a
transformation of this recrystallized state. The par-
tially dehydrated form corresponds to the “lower
hydrate form” reported by Haseman et al (1951),
and the phase transformation occurring at 990°C
apparently relates the T, and T, phases reported by
Murray and Dietrich (1956).

The mode of occurrence and the result of synthesis

TOSHIRO SAKAE, AND TOSHIO SUDO

suggest that taranakite may be formed by a chemical
reaction between clays and phosphoric acid (Stout,
1939). Because the mode of occurrence of the present
taranakite resembles that of bat guano, chemical
reaction between phosphoric acid in bat guano and
the potassium and aluminum ions dissolved from sur-
rounding clays may play an important role in the for-
mation of the present taranakite.
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