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Abstract. A late-deposited colloform banded sphalerite from Pcheloyad and Sporno deposits in samples from the 
Earth and Man National Museum was studied. Its composition is very close to the theoretical one for sphalerite. 
Iron, gallium, cadmium and indium are established as trace elements in concentrations lower than those in earlier 
deposited sphalerite generations. The presence of wurtzite was proved by X-ray powder diffraction. A similar low-
temperature colloform banded sphalerite of the Schalenblende type has so far not been described in the lead-zinc 
Zvezdel-Pcheloyad ore field.
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Introduction 
The Pcheloyad deposit is located in the southern part 
of the Zvezdel-Pcheloyad ore field. The Zvezdel 
basalt-andesite complex and the Pcheloyad dacite-
rhyolite dyke complex are the host rocks. Sporno is 
regarded as a section of Pcheloyad deposit. It had an 
area of 1 km2. Pcheloyad deposit is situated west of 
Sporno, Sedefche – east of it, Ralitsa dere (Asara) – 
north of it and Eseler deposit south of it. Ore veins 
and metasomatic bodies have been established. 
Mineralization occurred at medium to low tempera-
tures at depths of down to about 700 m below the 
Earth’s surface (Tsonev,1994f1). 

Sphalerite is the most abundant mineral in the 
Zvezdel-Pcheloyad ore field. The sphalerites are 
predominantly fine- to medium-grain sized. They 
were deposited in two generations. Breskovska and 

1 Tsonev S. 1994. Zvezdel-Pcheloyad Ore Field. Results of the Search 
and Detailed Exploration of Pcheloyad Lead-zinc Deposit – zone 25 
and Sporno Deposit 1970–1991. Resource Assessment as of 01.01.1994. 
Geofund Ministry of Environment and Water (in Bulgarian).

Gergelchev (1988) determined the iron content in 
the range 0.50–1.47 wt. % and refer sphalerite from 
the Zvezdel-Pcheloyad ore field to the iron-poor. 
The mineral formation took place at temperatures 
of 300–260 °C for the quartz-sulphide stage, 255–
175  °C for the quartz-chalcedony-barite-sulfosalt 
stage and 290–90 °C for the carbonate stage (Bres
kovska, Gergelchev, 1988).

Colloform sphalerite has been described in many 
deposits around the world, the most famous of 
which is perhaps Olkusz in Poland. The colloform 
ores in Olkusz are built of microcrystalline, fibrous 
sphalerite. The aggregates form either parallel or 
concentric (spherulitic) light and dark bands. Crys-
tals are oriented perpendicularly to their growth sur-
face (Kozlowski, Gorecka, 1993).

Material and methods
Samples from the museum’s scientific and auxiliary 
collection were examined. Samples 4864 nsf, 4865 
nsf and 4866 nsf donation of Alexander Dikov are 
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from Pcheloyad and sample 8658 nsf a donation 
from Dimitar Lazarov is from Sporno. All of them 
are collected before closing the mines.

The X-ray powder diffraction (XRD) patterns 
were carried out on diffractometer TUR M 62 at 
EMNM using U  =  32kV, I  =  15  mA, CuKα ra-
diation, graphite monochromator, in the interval 
5–100° 2θ, under conditions of 32 kV and 15 mA 
in step mode. The scan step is 0.02° with an expo-
sure time of 2 s per step. Measurement was dupli-
cated at Sofia University St. Kliment Ohridski (SU) 
with D8 Advance, Buker diffractometer, using Fe-
filtered CoKα radiation at 35 kV и 40 mA and the 
same step size of 0.02°. For measurement accuracy, 
quartz was used as an internal standard in both labo-
ratories. The experimental data were processed with 
Origin 6.1., WinFit 1.2.1. and UnitCell programs. 
The phase analysis was performed based on the in-
ternational standard file PCPDFWIN 2.4 (Powder 
Diffraction File, ICDD, JCPDS). The Match.2.2. 
program was used to semi quantify the sphalerite: 
wurtzite ratios.

Chemical analyses were determined on polished 
sections (samples 4864 nsf and 8658 nsf at the St. 
Ivan Rilski University of Mining and Geology, So-
fia. Scanning Electron Microscope (SEM) fitted with 
Energy Dispersive Spectrometer (EDS) performed 
the SEM investigations and chemical analysis of the 
samples. Apparatus JEOL – model JSM-6010PLUS/
LA with a 20  kV accelerating voltage, spot size 
65 nm and EDS detector with resolution over 129 eV 
MnKa and internal standards were used. 

Microphoto images were taken with Stemi-508 C 
Stereomicroscope Zeiss equipped with Axiocam 
208 colour digital camera at the EMNM. Photos 
were taken with SONY alfa 6000 digital camera at 
EMNM.

Results and discussion
The surface of the examined samples is covered 
with a white, creamy to yellow coloured crust of 
colloform sphalerite-wurtzite (Fig. 1a, b). The crust 
thickness varies up to 2–3 mm. In general, the col-
our of the Pcheloyad samples (Fig. 1a, b) is lighter 
compared to those of the Sporno samples (Fig. 1d, 
e), which corresponds to the differences in the 
amount of iron (Table 1).

The crust thickness is uneven and consists of 
closely connected small spherulites at some plac-
es while at other places the colloform ZnS is not 
completely covering the earlier formed minerals. In 
these cases, small isolated sphalerite spherulites are 
formed. The crust and all spherulites are built up 
of numerus fibro crystals. The growth of multiple 
spherulites side by side, by geometrical selection, 
induces the preferential crystallization of fibrocrys-

tals perpendicular to the surface. This leads to the 
formation of a banded crust.

Spherulites grow from a supersaturated solu-
tion. The formation of areas with relatively sparsely 
spaced spherulites and those with a dense crust is 
probably related to the different number of nuclei 
for crystallization (Fig.  1a, b, d, e). Late sphaler-
ite-wurtzite deposition is not a one-act process. On 
top of the deposited crust there are some individual 
clusters of spherulites or very small aggregates – 
the beginning of the new deposition of sphalerite-
wurtzite (Fig. 1d).

The colloform sphalerite-wurtzite formation oc-
curs after all other minerals, for which the lowest 
temperature of crystallization is 90 °C (Breskovska, 
Gergelchev, 1988). Colloform ZnS from Pcheloyad 
and Sporno resembles very much the banded sphal-
erite from Olkusz deposits, southern Poland for 
which Kozlowski and Gorecka (1993) measured 
temperatures of formation between 90 and 130 °C.

Aggregates of alternating layers are very often 
formed by wurtzite and sphalerite at temperature 
between 50 and 100 °C and slightly acidic solutions 
(Ramdohr, 1962).

The XRD phase analysis identified mainly sphal-
erite (Fig. 1h). The strongest lines [d, Å (I, %) (hkl)] 
are: 3.110 (100) (111); 1.907 (44) (220); 1.627 (27) 
(311); 2.706 (8) (200); 1.238 (7.2) (331); 1.200 (6.5) 
(420); 1.349 (4.0) (400); 1.555 (3.4) (222). The unit 
cell parameters calculated using the UnitCell pro-
gram are: а = 5.396 Å; V = 157.06 Å3. Results are 
correlating with card № 50-0566 Sphaleritе syn. of 
ICDD-PDF-2 and are respectively: а  =  5.406  Å; 
V  =  157.99  Å3. Mladenova (1989) indicated unit 
cell parameters of sphalerites from the Zvezdel-
Pcheloyad ore field in the range 5.4096–5.4127 Å. 
In the colloform sphalerite formed at lower temper-
atures, the amount of iron and other impurities is 
much less than in the sphalerite of the first genera-
tions, which could be the reason for the smaller unit 
cell size. 

Examination of the diffraction line profile shows 
specific domed broadening of the sphalerite peaks 
at the base above the background. We suggest that 
this is a result of the highly broadened, overlapping 
wurtzite peaks (with very small “crystallite” size) 
that are well positioned in all observed areas. The 
main phase in the sample is sphalerite with finely 
admixed wurtzite. Semiquantitative sphalerite: 
wurtzite ratio determined with the Match program 
2.2. is 82% : 18% (Fig. 1h). 

Sphalerite is characterized by the presence of 
trace elements: Fe, Ga, Cd, In, established in all 
42 analyses. There is remarkable constancy in ZnS 
chemistry. The standard deviation for weight per-
cent zinc and sulphur is below 0.4 and for formula 
units is below 0.01 (Table. 1).
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Fig. 1. a and b, photo of sphalerite-wurtzite crust and clusters of spherulites, Pcheloyad dep.; c, SEM microphotographs of polished 
section with points of analises, Pcheloyad dep.; d, photo of sphalerite-wurtzite crust. On top of the deposited crust there are some 
individual clusters of spherulites or very small aggregates – the beginning of the new deposition of sphalerite-wurtzite, Sporno 
dep.; e, photo of sphalerite-wurtzite crust and clusters of spherulites, Sporno dep.; f, SEM microphotographs of polished section 
with points of analyses, Sporno dep.; g, Yellow-orange luminescence under the long-wave range (368 nm), Pcheloyad dep.; h, the 
X-ray powder diffraction pattern of sphalerite-wurtzite Sporno deposit

Table 1. Chemical composition (wt % normalized on total of 100%) of sphalerite from Sporno and Pcheloyad Pb-Zn deposits 

colloform ZnS Sporno Dep.
(mean of 18)

colloform ZnS Pcheloyad Dep. 
(mean of 19)

colloform ZnS
(mean of 37)

early sphalerite Sporno 
Dep. (mean of 5)

wt %
Fe 0.07 0.04 0.05 0.24
Zn 66.61 66.57 66.80 65.14
S 32.97 33.12 32.88 33.57
Cd 0.17 0.14 0.13 0.42
Ga 0.06 0.03 0.05 0.11
In 0.09 0.09 0.09 0.11

apfu
Fe 0.001 0.001 0.001 0.004
Zn 0.99 0.99 1.00 0.97
Cd 0.001 0.001 0.001 0.004
S 1.00 1.01 1.00 1.02
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The colloform sphalerite-wurtzite exhibits a 
weak yellow luminescence under short-wave ul-
traviolet radiation (254 nm) and stronger yellow-
orange in the long-wave range (368 nm) (Fig. 1g). 
Henjes-Kunst et al. (2017) considered that Fe acts 
as a fluorescence quencher, hence the low Fe con-
tent allows the luminescence. Šoster et al (2023), 
studying sphalerite from Djebel Gustar Zn-Pb de-
posit, distinguished five types sphalerite by their 
texture, UV-luminescence, and trace element com-
position. The sphalerite with yellow-orange lumi-
nescence from Djebel Gustar has Cd content 1941 
ppm, which is quite similar to the Cd content in col-
loform sphalerite from Pcheloyad and Sporno.

Conclusions 
The colloform sphalerite-wurtzite composition is 
close to the theoretical one. The impurity elements 
have insignificant contents. The amount of iron in the 
colloform sphalerite-wurtzite from Sporno is about 
twice as high as that from Pcheloyad, which is mac-
roscopically reflected in the colour. In general, the 
iron content is low, allowing yellow-orange lumines-
cence to be observed under long-wave UV. The rea-
son for this is the content of the Cd. Colloform zinc 
sulphide aggregates from the Pb-Zn Pcheloyad and 

Sporno deposits were formed at low temperature, at 
the very end of the hydrothermal process.
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