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Първа находка на алперсит в България
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Abstract. First find of alpersite for Bulgaria is reported. The specimens have been collected from an abandoned ex-
ploration drift in the Lozen ore field, Eastern Rhodopes. The studied crystals have prismatic habit and typical for the 
mineral pale blue color. XRF, XRD, SEM-EDS and DSC-TG analyses have been used to characterize the samples. 
The obtained crystal chemical formula (Mg0.46Cu0.39Zn0.15)SO4•7H2O reveals a significantly higher amount of Zn2+, 
than previously reported for this mineral composition. This affects the structural parameters and the thermal behavior 
of the studied specimens. In order to clarify the conditions of formation, temperature and humidity measurements have 
been carried out in the accessible part of the drift mine.
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Introduction

The mineral alpersite, MgSO4•7H2O, is an efflo-
rescent salt with a typical pale blue color and a 
melanterite-type structure. Together with other 
sulphate minerals, it is part of the weathering 
crusts of sulphide mining waste. Alpersite was 
first described in 2006 (Peterson et al., 2006) and 
is named after the geochemist Charles N. Alpers 
(b. 1958). The chemical composition of alpersite is 
not clearly defined. In the IMA list of minerals as 
of September 2024, alpersite formula is presented 
as MgSO4•7H2O. However, the specimens report-
ed so far, including the type locality one, invari-
ably contain other divalent metals – mainly cop-
per, but also small amounts of Zn, Ni, and Fe. (Pe-
terson et al., 2006; Romero et al., 2006; Leverett, 
Williams, 2007; Equeenuddin, 2015; Moncur et 
al., 2015; Siidra et al., 2021). Naturally occurring 

heptahydrates of divalent sulphates crystallize in 
two types of structures. These are the orthorhom-
bic (SG P212121) epsomitic – MgSO4•7H2O and the 
monoclinic (SG P21/c) melanteritic – FeSO4•7H2O 
structural types. In both cases the metal atoms 
are surrounded by six water molecules to form 
[M2+O6] moieties. In the orthorhombic structure, 
there is only one symmetry-independent octa-
hedron, suggesting that only divalent ions with 
similar physicochemical properties can form solid 
solutions with this type of structure, e.g. the mem-
bers of the epsomite-goslarite (Mg,Zn)SO4•7H2O 
and the epsomite-morenosite (Mg,Ni)SO4•7H2O 
series. In those heptahydrates in which structures 
certain amounts of Cu2+, Fe2+ or other ions subject 
to the Jahn-Teller effect are also present, two sym-
metry-independent octahedra are formed, reducing 
the structure symmetry to monoclinic. An example 
of this is the described here alpersite.
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Materials
The studied specimens have been collected from a 
deposit at the Lozen lead-zinc ore field, Eastern Rho-
dopes, hosted in acidic rocks of the Lozen paleo-vol-
canic complex of Priabonian age. Within the Lozen 
deposit, the rock complex is deeply hydrothermally 
altered. An abandoned exploration mine drift in these 
rocks has been proved recently to be an interesting 
site for the study of secondary sulphate mineraliza-
tion (Nikolova et al., 2023). On the floor and walls 
of the mine drift there are efflorescent crusts of 
secondary sulphate minerals with white, yellowish, 
blue-green and blue color. Specimens of cauliflower-
shaped aggregates and characteristic pale blue color 
have been picked up from the cave floor about eight 
meters from the entrance. To keep the specimens’ 
moisture, they have been transferred and stored in 
closed containers. A representative sample has been 
ground and used for powder X-ray and X-ray fluores-
cent analyses. Prismatic crystals have been selected 
from the sample and used for structural studies, DSC-
TG and SEM-EDS analyses.

Methods 
Powder diffraction (PXRD) was performed on D8 
Advance, Buker diffractometer, using CoKα radia-
tion on vertical Θ/Θ goniometer. The data collec-
tion for single crystal analyses were performed on 
Bruker D8 Venture diffractometer and MoKα ra-
diation. Structural data are deposited in ICSD with 
numbers 2400678-80. The XRF analyses were per-
formed using Bruker S1 TITAN 800, hand held ana-
lyzer equipped with Rh X-ray tube, operating at four 
W and SD detector with a resolution of 145 eV. The 
thermal analyses were carried out on DSC-TG ana-
lyzer SETSYS2400, SETARAM, with a heating rate 
of 10 °C min–1. Scanning electron microscopy (SEM) 
and energy dispersive spectral (EDS) analyses were 
performed on JEOL JSM-6010 PLUS/LA electron 
microscope at 20 kV accelerating voltage and vacu-
um medium in the range of 10–4 Pa. Temperature and 
humidity in the drift mine were measured with a Cli-
mate Station 4-KL-6393-2 with accuracy of 0.1 °C for 
the temperature data and 1% relative humidity. Two 
measurements were performed. The first one was tak-
en after a relatively long period without precipitation. 
The second one – two days later after rain and it was 
performed in two modes: (i) at 10 cm height from the 
ground surface and (ii) on the surface itself.

Results and discussion
Macroscopic and microscopic photographs of the 
studied materials are shown in Figures 1a, 1b and 
1c. Chemical analyses of the representative sample 
gave the following results (wt%): S – 59.35, Zn – 

16.36, Cu – 8.57, Al – 7.24, Mg – 3.36, Ca – 2.11, 
Si – 1.59, Pb, Cd, Mn <1. Powder XRD analysis re-
vealed the presence of three mineral phases – picker-
ingite MgAl2(SO4)4•22H2O, epsomite MgSO4•7H2O 
and a phase isostructural to the mineral melanterite 
Fe(SO4)•7H2O. Considering the chemical composi-
tion possible candidates for it could be: a copper-
bearing alpersite Mg,Cu)(SO4)•7H2O, boothite 
CuSO4•7H2O or a copper-bearing zincmelanterite 
(Zn,Cu)SO4•7H2O. All three of them are known to 
form blue prismatic crystals. SEM (EDS) analyses 
of selected blue crystals (Figs. 1b, 1c) indicate a 
stoichiometric composition of Mg0.32Cu0.42Zn0.46SO4. 
These results proved to be insufficient to unambigu-
ously determine the mineral species. To clarify the 
above, single crystal X-ray structural analyses have 
been performed. Structural data for three of the 
measured samples are presented in Table 1. Like 
the other heptahydrates of the melanterite group, the 
crystal structure of the studied crystals is composed 
of two symmetry-independent [M2+O6] octahedra, 
one sulphate tetrahedron, and an additional “free” 
water molecules. The three-dimensional arrange-
ment of the structural units is stabilized by O-H...O 
hydrogen bonds (Fig. 1e). The distribution of metal 
ions in two symmetry-nonequivalent octahedral po-
sitions is determined by the presence of three diva-
lent metal ions with different physicochemical char-
acteristics (Table 1). The M1 position is occupied 
by Mg2+ and Zn2+ ions, whereby Mg2+ dominates in 
sample 1 and Zn2+ in the other two samples. Position 
M2 hosts Cu2+ and Mg2+ ions, with Cu2+ occupying 
more than 80% of the position and as a consequence 
of the Yang-Taylor effect [M2O6] octahedra are sig-
nificantly deformed as compared to [M1O6]. Based 
on the generally accepted standards for determina-
tion of mineral species, the obtained crystal chemi-
cal compositions indicate that sample 1 corresponds 
to a copper- and zinc-bearing alpersite. The precise 
mineralogical assignment of the other two samples 
requires further investigation on the degree of mis-
cibility (discontinuous, continuous) between the 
heptahydrates of Cu, Mg and Zn sulphates, both or-
thorhombic and monoclinic. The results of the DSC-
TG analyses are presented in Fig. 1f. Upon heating 
from 20 to 350 °C the sample loses 45.0 mass % due 
to the dehydration of 7 H2O molecules. The first six 
water molecules leave the structure almost simulta-
neously up to 140 °C, whereas the last one is released 
between 200 and 350 °C. An additional 27.8 mass % 
decrease occurs between 650 and 1000 °C, which is 
attributed to the loss of sulphur species. The ther-
mal behavior of the sample from this study is quite 
similar to that one reported for alpersite from the Big 
Mike mine, Nevada (Peterson et al., 2006). 

It should be noted that compared to the previ-
ously published data on alpersites, the specimens of 
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Fig. 1. The studied sample a) on the floor of the drift mine; b) optical microscopy reflected light image; c) SEM image; d) PXRD 
pattern; e) crystal structure of the studied alpersite crystal; f) DSC-TG (DTG) curves; g) temperature and humidity variations in the 
mine drift, the entrance is marked with 0; orange line is the first measurement in a dry period, and blue (on the surface) and green 
(10 cm above the surface) are the measurements after rain; h) difference between measured temperature and dew point temperature 
(https://www.omnicalculator.com/physics/relative-humidity).

this study exhibit higher contents of zinc. This af-
fects the thermal behavior of the studied samples. 
There are two endo-effects in the temperature range 

650 and 1000 °C, which indicates the decomposi-
tion of at least two sulphate phases (Fig. 1f). The 
first endo-effect is due to the Cu-containing phase 
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(Peterson et al., 2006, Straszko et al., 1997, Delche-
va et al., 2020), and the second one is assumed here 
to be due to the (Mg,Zn)-bearing ones. 

In order to clarify the conditions of formation of 
the mineral species new to Bulgaria, humidity and 
temperature measurements were carried out in the 
accessible part of the drift mine. The results are pre-
sented in Figures 1g, h and reveal that about eight 
meters from the entrance, wherefrom the alpersite 
samples have been picked up, is the point of maxi-
mum humidity and relatively lowest temperature in 
the investigated space of the mine.

Conclusions 
Mineralogical characteristics of the first find of alp-
ersite – (Mg0.46Cu0.39Zn0.15)SO4•7H2O in Bulgaria 
are reported. The studied crystals have prismatic 
habit and typical for the mineral pale blue color. 
The larger amount of Zn, compared to those ones 
for previously reported alpersite clearly affects the 
unit cell dimensions without however changing the 
structure type. DSC-TG analyses reveal a similar 
thermal behavior to that described for the type lo-
cality specimen. The conditions of formation and 
the degree of miscibility of the Cu, Mg, and Zn sul-
phate heptahydrates, as well as the Cu:Mg:Zn ratios 
at which these solid solutions crystallize with an ep-
somite (orthorhombic) or melanterite (monoclinic) 
structure, are under investigation. Clarification of 
these issues opens the opportunity of accurately de-
fining the mineral species in this system.
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Table 1. Selected structural parameters

Sample 1 2 3

Chemical  
composition (Mg0.46Cu0.39Zn0.15)SO4•7H2O (Mg0.30Cu0.45Zn0.25)SO4•7H2O (Mg0.33Cu0.41Zn0.2)SO4•7H2O

SG P21/c P21/c P21/c

Unit cell 
parameters

a(Å) 14.129(1) 14.118(1) 14.070(3)
b(Å) 6.518(1) 6.516(1) 6.496(2)
c(Å) 10.823(1) 10.808(2) 10.853(3)
β(°) 105.85(1) 105.81(2) 105.73(1)

M1 site occupancy Mg 70%, Zn 30% Mg 49%, Zn 51% Mg 47%, Zn 53%
M2 site occupancy Cu 78%, Mg 22% Cu 89%, Mg 11% Cu 81%, Mg 19%

M1-O distance (Å) 2x2.029(1); 2x2.081(1); 
2x2.092(1)

2x2.028(1); 2x2.088(1); 
2x2.099(1)

2x2.029(1); 2x2.083(1); 
2x2.096(1)

M2-O distance (Å) 2x1.997(1); 2x2.009(1); 
2x2.276(1)

2x1.992(1); 2x2.00(1); 
2x2.309(1)

2x2.017(1); 2x2.032(1); 
2x2.216(1)
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