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Abstract. New for Bulgaria arsenic minerals picropharmacolite and arsenolite from the Mareshnitsa ore occurrence, 
Eastern Rhodopes are presented. Their formation is due to the oxidation of arsenopyrite, which is abundant in the 
samples. The composition of the picropharmacolite from Mareshnitsa differs from the picropharmacolite from other 
deposits around the world. It is characterized by relatively few impurities and excess of Mg, which substitute part of 
Ca. This is resulting in smaller a parameter of the unit cell. The presence of these two new arsenic minerals sheds ad-
ditional light on the behaviour of arsenic in the area.
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Introduction

The Mareshnitsa ore occurrence is located in the 
valley of the Mareshnitsa River, 3 km southeast of 
the village of Senoklas, Madzharovo Municipality, 
Haskovo Province. The occurrence was formed in 
silicified conglomerate sediments of the lower Pale-
ogene molasse formation with the main ore mineral 
stibnite (antimonite) in association with quartz, 
chalcedony and pyrite (Pavlovich, Iliev, 1986). In 
1989, the mineralogy of the ore occurrence was 
supplemented with: realgar, orpiment, arsenopy-
rite, marcasite?, dolomite, hematite, iron hydrox-
ides, hydroromeite (Iliev et al., 1989). The same 
authors noted that everywhere the arsenic content 
of the samples was elevated from 10 to 100 times. 

Mladenova (2000) described from there the rare for 
the world and new for Bulgaria arsenic sulphides 
alacranite, duranusite and dimorphite in association 
with realgar and pyrite-marcasite pseudomorphs af-
ter pyrrhotite.

The aim of the present study is to enlarge the 
mineralogy of the ore occurrence with two new 
arsenic minerals, picropharmacolite and arseno-
lite, which are described for the first time in Bul-
garia. 

Picropharmacolite is a rare mineral, an aqueous 
arsenate of Ca and Mg, named after the Greek words 
for bitter (due to the Mg content) and the chemical 
similarity to pharmacolite (poison, medicine). Arse-
nolite is the cubic polymorph of As2O3, named for 
arsenic in the composition. 
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Material and methods
Seventeen samples from the Mareshnitsa ore occur-
rence were donated to the Earth and Man National 
Museum (EMNM) in the spring of 2023 by Nikolay 
Gospodinov, a geologist from Topolovgrad, who 
collected them in October 2022. The donor’s re-
quest was to examine them for secondary antimony 
minerals of the types described in an article about 
the region of the antimony ore occurrence Ribnovo 
in the Southwestern Rhodopes (Gadzheva-Pav-
lovich, Mareva, 1960). Indeed, the X-ray powder 
diffractions showed mixtures of clinocervantite and 
hydroromeite (without specifying the species) with 
gypsum, arsenolite, and less often – scorodite. Pure 
arsenolite was found in 10 samples and picrophar-
macolite in only one.

Microphotos were taken with Stemi-2000 C 
Stereomicroscope Zeiss and SONY alfa 6000 at 
EMNM. The X-ray powder diffraction patterns 
were carried out on diffractometer TUR M 62 at 
EMNM using U=32kV, I=15mA, CuKα radiation, 
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 exposure time of  
2 s per step. For measurement accuracy, quartz was 
used as an internal standard, corresponding to file 

046-1045 from the reference card-index Powder 
Diffraction File, ICDD. The experimental data were 
processed with Origin 6.1. and WinFit 1.2.1. pro-
grams. The phase analysis was performed on the 
basis of the international standard file PCPDFWIN 
2.4 (Powder Diffraction File, ICDD, JCPDS). SEM 
images and SEM-EDS analyses were collected on 
a JSM 6390 electron microscope (JEOL, Japan) at 
the Institute of Physical Chemistry, BAS, Sofia. 
Chemical analyses were determined on unpolished 
samples at acceleration voltage of 20 kV, a beam 
current of 50 nA, using InAs (for As), wollastonite 
(for Ca), MgO (for Mg), jadeite (for Al), apatite  
(for P), and pyrite (for S) as standards. 

Results and discussion
The morphology of picropharmacolite and arseno-
lite is presented in Fig. 1. Under a stereomicroscope, 
the picropharmacolite is in the form of delicate (up 
to 2–3 mm) spherical pearly-white radial-ray aggre-
gates of transparent fine-needle crystals (Fig. 1a), 
and the arsenolite forms white earthy cryptocrystal-
line masses (Fig. 1b). SEM images reveal that pic-
ropharmacolite is composed of thin prismatic crys-
tals elongated along [001] (Fig. 1c), and arsenolite 

Fig. 1. a, photo of picropharmacolite specimen – acicular crystals on the rim around arsenolite dense mass in the core; b, microphoto-
graph of arsenolite; c and d, SEM microphotographs of picropharmacolite and arsenolite respectively (unpolished fragments)
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is composed of skeletal octahedral crystals (Fig. 1d). 
Both minerals closely associate with each other, 
with picropharmacolite being much rarer. They 
are deposited on drusy hydrothermal quartz. Small 
crystalline arsenopyrite and sulphur (determined 
visually) are present in most samples.

The X-ray powder diffraction pattern of picrop-
harmacolite from Mareshnitsa [d, Å (I, %) (hkl)] 
are: 13.272 (100) (100); 9.194 (24) (110); 4.837 (7) 
(21-1); 4.418 (13) (030); 4.156 (13) (310); 3.779 
(50) (2-30); 3.193 (32) (140); 3.056 (38) (012); 
2.872 (23)(13-2). The triclinic unit cell dimensions 
are a=13.473 Å, b=13.528, c=6.706, V=1193.4 Å3. 
These data are similar to those of PDF №46-1364 
(ICDD) and also to the data of Gatti et al. (1981) for 
a=13.547 Å, b=13.500, c=6.710, V=1200.1 Å3 for 
picropharmacolite from Sainte-Marie-aux-Mines, 
Alsace . The data on the chemical composition are 
presented in Table 1.

The strongest lines of arsenolite from Mareshni
tsa according to the X-ray powder diffraction pat-
tern [d, Å (I, %) (hkl)] are: 6.398 (37) (111); 3.202 
(100) (222); 2.768 (27) (400); 2.542 (36) (331); 
2.131 (17) (511); 1.956 (26) (440); 1.670 (17) (622); 
1.551 (20) (551). The cubic unit cell dimensions are 
a=11.0787 Å, V=1359.7652 Å3. These data are in 
good agreement with PDF №36-1490 (ICDD) and 
also with the data of Ballirano and Maras (2002) for 
a=11.07343 Å, V=1357.8 Å3 for arsenolite obtained 
by oxidation of realgar crystal from M-te Sughereto 
Quarry, Latium, Italy.

The chemical data for arsenolite from Maresh-
nitsa are 75.43% As and 24.14% O that corresponds 
to 99.47% As2O3 (mean of three analyses).

Unlike arsenolite, the chemical formula and 
structure of picropharmacolite has undergone 
various changes over the years. Detailed data 
on the history of the species, identification, no-
menclature, new data on properties and localities 
can be found in Pierrot’s papers (1961, 1964). 
Abbona and Ferraris (1976), on the basis of its 
strictly crystal-chemical similarities with guerin-
ite Ca5(HAsO4)2(AsO4)2.9H2O, proposed a formu-
la Ca4MgH2(AsO4)4.11H2O with possibly limited 
substitution involving H, Ca and Mg. According 
to structural studies by Catti et al. (1981), As, 
Ca, and Mg coordination polyhedra share edges 
and vertices and form corrugated (100) layers 
connected only by hydrogen bonds. According 
to the authors, Mg octahedra and Ca polyhedra 
show typical bond distances, so significant Ca/
Mg substitution at each cation position cannot oc-
cur. The formula Ca4Mg(HAsO4)2(AsO4)2.11H2O 
is proposed. According to IMA-Master-
List-2023-05 the theoretical distribution of the 
elements in the picropharmacolite formula is 
Ca4Mg(AsO3OH)2(AsO4)2·11H2O.

Relatively few impurities and some excess of 
Mg (Table 1) characterize the picropharmacolite 
from Mareshnitsa. There is also a shortage of calci-
um to fill the positions in the polyhedra. We assume 
that a partial calcium-magnesium isomorphism is 
realized here, as suggested by Abbona and Ferraris 
(1976). For the Mareshnitsa picropharmacolite, the 
possibility of such isomorphism is also confirmed 
by the fact that the theoretical amount of magne-
sium is 1.00, but in the analyses, it is over 1.00. The 
amount of Mg “in excess” very clearly corresponds 
to the amount of “deficit” of calcium.

Based on 7 analyses, Lafuente et al. (2015) con-
cluded that magnesium in the octahedral positions 
is partially replaced by trivalent aluminium and iron 
ions. The vacancies in the octahedra compensate for 
the extra charge carried by the trivalent ions. The 
amount of these vacancies is half the number of 
trivalent cations. In the case of picropharmacolites 
from Mareshnitsa, such a mechanism is practically 
not carried out.

The magnesium is sufficient to fill all the octa-
hedral positions and the deficiency of calcium in the 
polyhedra. Based on the similarity of the ionic radii 
of aluminium and arsenic in tetrahedral coordina-
tion we assume that aluminium is distributed to tet-
rahedral positions occupied by arsenic.

Table 1. SEM-EDS analyses (wt %) of picropharmacolite from 
the Mareshnitsa ore occurrence

Samples 9 10 11 mean of 3
Lafuente 

et al. 
(2015)

As2O5 47.94 48.24 48.14 48.11 43.08
CaO 23.33 23.13 23.12 23.19 21.10
MgO 5.09 5.01 5.00 5.03 2.85
P2O5 0.18 0.15 0.28 0.20 0.03
Al2O3 0.12 0.12 0.09 0.11 0.81
Fe2O3   0.04
MnO   0.03
Na2O   0.04
SO3 0.35 0.37 0.38 0.37 0.11
Totals 77.01 77.01 77.01 77.01 68.15

Formula coefficient calculated on the basis of 15 O atoms
As 3.89 3.92 3.90 3.90 3.97
Ca 3.88 3.85 3.84 3.86 3.99
Mg 1.18 1.16 1.16 1.16 0.75
P 0.02 0.02 0.04 0.03 0.00
Al 0.02 0.02 0.01 0.02 0.17
Fe 0.01
Mn 0.01
Na 0.02
S 0.04 0.04 0.04 0.04 0.01
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The crystal chemical formula of the picrophar-
macolite from Mareshnitsa, averaged over 3 analy-
ses, calculated on the base of 15 oxygen is

(Ca3.86Mg0.14)∑=4Mg1.02(AsO3OH)2 

(As1.90P0.03Al0.02S0.04)∑=1.99O8·11H2O.
The quantities of water and OH are theoretical.

Conclusion
Two arsenic minerals, picropharmacolite and ar-
senolite from the Mareshnitsa ore occurrence, are 
described for the first time in Bulgaria. They origi-
nate due to the oxidation of arsenopyrite, which is 
abundant in the samples. Realgar and orpiment have 
not been found. The presence of marble fragments 
and reef limestones in the composition of the lower 
Paleogene molasse formation is also important for 
the formation of picropharmacolite.

It is characterized by relatively few impurities 
and excess of Mg, which substitute part of Ca. This 
is resulting in smaller a parameter of the unit cell.

The presence of these two new arsenic minerals 
sheds additional light on the behaviour of arsenic 
in the area, which could be useful in environmental 
studies.

The specimens are deposited in Earth and Man 
National Museum with registration numbers 24636, 
24637(arsenolite), and 24638 (picropharmacolite).
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