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Planerite with aheylite and faustite from the Chala deposit, Spahievo Ore Field
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Abstract. Planerite, aheylite and faustite are minerals of the turquoise group. They were found in samples from the
Chala deposit, Spahievo Ore Field. The samples consist of a small crystalline mass of the investigated mineral phases
among quartz. Single spherulites up to 2 mm in size and aggregates of spherulites with a yellowish-greenish color are
observed in small cavities. Transparent, colorless wavellite crystals and aggregates are crystallized on spherulites. For
the first time in Bulgaria, the presence of aheylite was established.
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Introduction Aheylite is an iron analogue of turquoise,
Fe?*Al(PO,),(OH),-4H,0. It was described by
Foord and Taggart and approved as a new miner-

al in 1984. Its type locality is the Huanuni mine,

The turquoise group has a general formula A
B((PO,), ,(PO,0H),(OH)..4H,0, where x = 0-2;

A — vacancy or occupied by Cu, Zn, Fe**, Ca?; B
— Al, Fe*" (Foord, Taggart, 1998). Planerite is char-
acterized by a dominant A-site vacancy with ideal
formula: oAl(PO,),(PO,0H),(OH),-4H,0. It was
discovered in 1862 in copper mines in Gumeshevsk,
Ural Mountains, Russia, named after D. 1. Planer,
mineralogist, director of the mines. Described by
Hermann, 1862 and redefined by Foord and Tag-
gart (1998).
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Mina Flores Mountain, Huanuni district, Bolivia.
Faustite is a zinc analogue of turquoise with for-
mula ZnAl(PO,),(OH),.4H,0.

Examining a dark green crust of fine-grained
turquoise on massive quartz from the Chala mine,
Tzvetanova et al. (2019) mentioned for the first time
in Bulgaria the presence of planerite in solid solution
from the turquoise-chalcosiderite-planerite series,
without giving a description of the planerite.
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Faustite (cuprofaustite) was described in Chala
(Kunov et al., 1982, Hikov et al., 2011) and Obich-
nik (Kunov et al., 1993).

The Chala deposit, Spahievo Ore Field, is an epi-
thermal gold-polymetallic deposit formed as a re-
sult of low-temperature hydrothermal-metasomatic
alteration. It is hosted in a volcanic complex of late
Eocene (Priabonian)-Oligocene age. The deposit
is characterized by a large mineral diversity of sec-
ondary phosphate, phosphate-sulfate and sulfate
minerals (Kunov et al., 1986; Kunov, 1996; Kunov,
Petrov, 2001).

Materials and methods

The Earth and Man National Museum received as
a donation two samples from the large dump of the
Chala mine in April 2023 from Georgi Georgiev —a
lawyer and mineral collector.

The X-ray powder diffraction patterns of the
samples were carried out on diffractometer TUR M
62 at EMNM using U = 32 kV, I = 15 mA, CuKa
radiation, graphite monochromator, in the interval
5-100° 260, under conditions of 32 kV and 15 mA in
step mode. The scan step is 0.02° with an exposure
time of 2 s per step. Quartz was used as an inter-
nal standard. The experimental data were processed
with Origin 6.1. and WinFit 1.2.1. programs. The
XRD measurements were duplicated out in the Ge-
ological Institute at Bulgarian Academy of Sciences
using HUBER Image Plate Guinier Camera G670,
working in asymmetric transmission mode (Guinier
geometry), equipped with Ge monochromator on
the primary beam, providing pure CuKa radiation.

SEM images and SEM-EDS analyses were col-
lected on a JSM 6390 electron microscope (JEOL,
Japan) at the Institute of Physical Chemistry,
Bulgarian Academy of Sciences, Sofia. Chemi-
cal analyses were made on unpolished samples at
acceleration voltage of 20 kV, a beam current of
50 nA. For greater accuracy, additional SEM-EDS
analyses were performed on JEOL — JSM 35 CF &
EDS SAMx at Eurotest-Control EAD on the same
samples at acceleration voltage of 20 kV, a beam
current of 40 nA.

Mossbauer spectra at the Institute of Catalysis,
Bulgarian Academy of Sciences are recorded by
spectrometer Wissenschaftliche Elektronik (Germa-
ny) at constant acceleration mode and *’Co/Rh source
and o-Fe standard. The parameters of hyperfine inter-
actions are determined by WinNormos program. The
computer fitting is based on the least squares method.

The differential scanning calorimetry (DSC)
and thermogravimetry (TG) were carried out on
the DSC-TG analyzer Setsys Evolution 2400,
SETARAM at the following conditions: tempera-
ture range from 20° to 800° C in a static air atmos-
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phere, with a heating rate of 10° C min'. Small
spherulitic aggregates were mechanically separated
under optical microscope and then were placed in
a corundum crucible. A calibration run with empty
crucible was applied for base line slope correction
of both experimental DSC and TG signal with spe-
cialized CALISTO thermal analysis software.

The minor and trace element composition of the
phosphate minerals was analyzed by LA-ICP-MS
system in Geological Institute (BAS), consisting
of New Wave Research 193 nm Excimer laser UP-
193FX attached to a Perkin-Elmer ELAN DRC-e
quadrupole inductively coupled plasma mass spec-
trometer. Analytical conditions include 7 Hz and
50 um ablation craters. External standards used for
compositional characteristics are NIST 610 and
NIST 612. Data is recalculated by SILLS program
using the P-content for internal standard.

Results and discussion

The samples consist of a small crystalline mass of the
investigated mineral phases among quartz (Fig. 1a).
Single spherulites up to 2 mm in size and aggregates
of spherulites with a yellowish-greenish color are
observed in small cavities (Fig. 1b). Well-formed,
transparent, colorless wavellite single crystals and
aggregates of sub-parallel plates and prismatic crys-
tals, 11.5 mm in size are crystallized on spherulites.
Wavellite exhibits strong fluorescence under 365 nm
UV light. Certain amount of allunogen is also present
in the association according to X-ray data.

SEM shows that the spherulites are microcrys-
talline, composed of well-formed pinacoidal crys-
tals with sizes up to 3 um (Fig. 1d). Wavellite crys-
tallized on them (Fig. 1c¢).

The X-ray powder diffraction pattern is mainly
of planerite. All strong, all medium and most of
the weak peaks are present. The ten strong lines of
planerite from Chala [d, A (I, %) (hkl)] are: 3.746
(100) (211); 6.799 (98) (001); 2.891 (94) (132);
4.729 (82) (110); 3.693 (79) (111); 6.182 (74)
(011); 3.289 (67) (200); 3.445 (58) (221); 3.089
(56) (022); 2.863 (56) (210). The triclinic unit
cell dimensions are: a = 7.5136 A, b = 9.7501 A,
c=7.7866 A, V =464.16 A3. The data are simi-
lar to PDF-2 No. 50-1654 (ICDD), and also to the
data of Foord and Taggart (1998) for a = 7.505 A,
b=9.723 A, c=7.814 A, V'=464.2 A? for planerite
from Gumeshevsk.

A number of lines with low and in some cases
up to medium intensity stand out on the diffracto-
gram in addition to the planerite lines [d, A (I, %)]:
5.986(5); 4.799(30); 4.145(3); 4.045(2); 2.300(28);
2.182(10); 2.054(7); 2.017(10); 1.927(4); 1.805(6);
1.789(3). Comparison in the ICDD PDF-2 data-
base (2002 and 2021) with No. 50-1653, No. 00-
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Fig. 1. a, specimen of planerite; b, detail of planerite, wavellite photo; ¢, SEM image of planerite and wavellite; d, SEM image of

planerite crystals; e, X-ray distribution map of Zn and Fe; f, X-ray diffraction data of studied sample Chlgl; g, DSC-TG analysis;
h, Mossbauer spectra
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06-0216, 01-071-6681 and data from Foord and
Taggart (1998) and Kolitsch and Giester (2000)
definitely diagnoses faustite and aheylite, which
can hardly be distinguished from each other. The
presence of aheylite is indicated by the broadening
and splitting of the lines, some double peaks in the
region of 43.65-44.89° 20 and the higher intensities
of the peaks (d, A): 3.445; 2.513; 2.128 (Fig. 11).
Average chemical composition is (%) Zn 2.09
(0.32), Fe 1.80 (0.22), Cu 0.07 (0.05), Al 25.08
(0.34) and P 20.38 (0.22). Standard deviation is in-
dicated in parentheses. According to the Mdssbauer
data, the amount of total iron from the analyzes was
divided into Fe*" and Fe*'. The relative content of
these two components is respectively 63% vs. 37%
of all presented iron-containing mineral phases
(Fig. 1h).The crystal chemical formula is calculated
based on 19 oxygen charges. The average statistical
formula of the analyzed phosphates from the turquoise
group is: (0,7, ZngFe”, ,Cuyg,) (Al Fe™; 500,)
(PO,),(PO,0OH, ,,),(OH),-4H,0. In this formula the
amounts of vacancies, zinc, and iron in the A po-
sition reflects the quantitative ratios of planerite,
faustite and aheylite. The quantity of OH groups
in the (PO,0OH,,,) differs from the theoretical one
for two reasons. One is the occupancy at the A site,
which requires a reduction by the same amount of
OH groups. The other is vacancies in the B site oc-
cupied by trivalent cations (Al** and Fe**). This re-
quires a decrease in the amount of OH groups. If
the trivalent ions amount is denoted by “y” then the
decrease should be 1.5 y.
Non homogeneous arrangement of Zn and Fe
is observed on the elements distribution maps of a
spherulite (Fig. 1e). Based on this, we assume that
the spherulites are mainly composed of planerite and
microcrystals of faustite and aheylite. This is consist-
ent with the obtained X-ray powder diffraction data.
On 4 spherulites, 14 laser ablation analyzes were
performed along profiles from the center to the pe-
riphery. The results are consistent with the probe ana-
lyzes as the contents of Zn, Fe and Cu vary within
narrow limits. The resulting curves show that they are
isomorphically incorporated into the planerite struc-
ture. The central parts of the spherulites are enriched
in many elements, including rare earths. Quartz
stands out as a separate phase in some spherulites.
DSC and TG (DTG) curves are presented in
Fig. 1g. Four endothermal effects can be separated on
the DSC curve. First one is around 100 °C and is relat-
ed to the release of physisorption water. The second
effect maximizes at 189 °C and corresponds to 9.2%
mass loss from the TG curve. This event expresses
the dehydration of the sample (4H,0 molecules).
The third (298.5° C) and second ones (515.0° C)
correspond to 12.8% mass loss due to the dehydroxi-
lation of the sample. The total mass loss (22.0%)
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is rather similar to that of planerite (22.5 mass%)
from Gumeshevsk (Foord, Taggart, 1998). These
authors indicated three discrete mass loss events:
(1) 170-200° C (H,0), (ii) 280-300° C (OH) and
(ii1) 340° C (PO,OH). As can see on the TG (DTG)
curve, in our case there is not distinct separation of
the last hydroxyl group (PO,OH). This is consistent
with the calculated in crystal chemical formula re-
duction of the OH groups in this position. The ther-
mal behavior of the sample under study is quite simi-
lar to that of the planerite from Gumeshevsk.

Conclusions

The conducted analyzes of the samples from the Cha-
la deposit unambiguously define the studied mineral
phases as planerite with the presence of faustite and
aheylite. They associate with wavellite, alunogen and
quartz. The analyzed planerite is similar in chemistry
and structural parameters to that of the type locality
Gumeshevsk deposit in Russia. For the first time in
Bulgaria, the presence of aheylite was established.
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