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Phosphates of the plumbogummite group (kintoreite and plumbogummite) with unusually high Sn contents have been 
discovered in a field in the area of reclaimed mine dumps at the abandoned Ag–Pb–Zn deposit Ratibořské Hory (South 
Bohemia Region, Czech Republic). These phosphates form very finely dispersed microscopic grains in the hydrothermal 
veins penetrating altered muscovite paragneisses in association with quartz, opal, pyromorphite, acanthite and more 
rarely galena, sphalerite, iodargyrite, imiterite, cuprite, mimetite, coronadite and unidentified Sn silicate. The studied 
Sn-rich phosphates can be divided into three groups: 1. Sn-rich kintoreite with the empirical formula (mean of the 14 
point analyses) corresponds to Pb1.05(Fe2.51Sn0.46Zn0.06)Σ3.03(PO4)1.55(PO3OH)0.45(OH)6.00; 2. Sn-rich plumbogummite with 
empirical formula (mean of 6 analyses) Pb1.14(Al2.50Sn0.52Fe0.04)Σ3.06(PO4)1.98(PO3OH)0.02(OH)6.00; 3. (Sn,Al)-rich kinto-
reite with mean composition (calculated from 14 analyses) (Pb0.95Ca0.05)Σ1.00(Fe1.62Sn0.90Al0.62Zn0.05)Σ3.19(PO4)1.69(SiO4)0.21 
(AsO4)0.10(OH)6.20. To date, no primary Sn minerals have been observed in the Ratibořské Hory ore deposit. Elevated Sn 
contents (up to 3040 ppm) in sphalerites from the Stará Vožice–Ratibořské Hory ore district, especially from the area 
with the occurrence of Sn-rich phosphates detected by La-ICP-MS during this research, probably indicate a primary 
source of Sn entering to the supergene processes.
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1998), and potentially cassiterite (Nefedov et al. 1977). 
Rare unknown supergene Sn–Fe–As(–S)–O minerals 
are described by Moura et al. (2007) from granites of 
the Mangabeirra Massif in Brazil and by Kocourková-
Víšková et al. (2014) from Kaňk near Kutná Hora in 
Czech Republic as the products probably formed by the 
alteration of a stannite group minerals. The stoichiometry 
of these phases does not correspond to the minerals of the 
alunite supergroup. To date, neither alunite supergroup 
minerals nor other secondary phosphates with high Sn 
contents have been observed.

Plumbogummite and kintoreite are members of the 
alunite supergroup with a general formula AB3(XO4)2(OH, 
H2O)6. Position A is occupied by large mono- (Na+, K+, 
Rb+, Ag+, NH4

+, H3O+, Tl+), di- (Ca2+, Sr2+, Ba2+, Pb2+) or 
trivalent (Bi3+, REE3+) cations. The octahedrally coordi-
nated position B is usually occupied by trivalent cations 
such as Fe3+, Al3+, Cr3+, V3+ and Ga3+, in some cases it 
may also contain di- (e.g., Cu2+ and Zn2+), tetra- (Ge4+) 
or pentavalent (Sb5+) cations. At the tetrahedral X-sites 
are present mainly S6+, P5+ and As5+, even though minor 
contents of Si4+, Cr6+ or Si4+ were also determined. In the 

1. Introduction

During our research of the abandoned ore deposit 
Ratibořské Hory (South Bohemia Region, Czech Re-
public), phosphates of the plumbogummite group with 
unusually high contents of Sn were discovered. The pro-
cesses of weathering of Sn minerals and the mobility of 
Sn remain poorly understood, and, in general, supergene 
Sn minerals are very rare. The most common of these 
are varlamoffite-like minerals (e.g., Sharko 1971) and the 
hydroxides of the schoenfliesite subgroup. The conditions 
of the formation of minerals belonging to the schoen-
fliesite subgroup have been studied e.g., by Haase et al. 
(2021). This paper presents two previously proposed 
mechanisms for the formation of tin hydroxides. First, 
they may form as primary minerals in the late stages of 
high-temperature hydrothermal systems (Betterton et al. 
1998) or in a magmatic stage (Åmli and Griffin 1972). 
Second, they occur as weathering products of primary 
tin minerals, especially sulphides (e.g., Betterton et al. 
1998; Černý et al. 2001), but also tin borates (Nefedov 
et al. 1977; Aleksandrov 2010), tin alloys (Basciano et al. 
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case of significant contents of divalent cations in posi-
tion A and a predominance of P or As in the tetrahedral 
position X, part of the anion groups are protonated to 
form (PO3OH)2– or (AsO3OH)2– groups. Part of the OH 
groups may be substituted by O2–, F– or H2O (Jambor and 
Dutrizac 1983; Scott 1987; Pring et al. 1995; Rattray et 
al. 1996; Jambor 1999; Kolitsch and Pring 2001; Sejkora 
et al. 2001; Grey et al. 2008; Mills et al. 2008; Sato et al. 
2008; Grey et al. 2009; Mills et al. 2009; Sejkora et al. 
2009; Bayliss et al. 2010; Schlüter et al. 2014).

The contents of Sn in the minerals of the alunite su-
pergroup have not yet been described and their study is 
the subject of our paper. This research builds on a pre-
vious study of Pb phosphates (pyromorphite and kinto-
reite) from the Ratibořské Hory ore deposit published by  
Vrtiška et al. (2019a).

2. Geological setting

Historical hydrothermal ore deposit Ratibořské Hory rep-
resented a southern part of the ore district Stará Vožice–
Ratibořské Hory, with abandoned mines for silver ore, lying 
8 km northeast of Tábor (South Bohemia Region, Czech 
Republic). Mining activity at this deposit seems to have be-
gun already in the 13th or 14th century and ceased in the first 
half of the 19th century. Only maintenance work was carried 
out in the second half of the 19th century (Čech et al. 1952).

The Stará Vožice–Ratibořské Hory ore district is 
located within the Moldanubian unit of the Bohemian 
Massif, which represents an intensively metamorphosed 
crystalline complex with three stacked nappe units: 
Ostrong (Monotonous), Drosendorf (Variegated), and 
Gföhl (e.g. Fiala 1995; Franke 2000). The Ostrong and 
Drosendorf Units were metamorphosed under amphibo-
lite-facies condition. The Ostrong Unit is dominated by 
paragneisses, whereas the Drosendorf Unit also contains 
bodies of marbles, orthogneisses, amphibolites, quartz-
ites, and graphitic schists. The Gföhl Unit consists mainly 
of granulites with orthogneisses and minor eclogites and 
peridotites metamorphosed under granulite- to eclogite-
facies conditions at about 340 Ma (e.g., Faryad et al. 
2010; Friedl et al. 2011).

Hydrothermal ore veins of the Ratibořské Hory deposit 
are situated in the biotite paragneisses and migmatites of 
the Drosendorf Unit (western part), and muscovite-biotite 
paragneisses of the Ostrong Unit (eastern part). A promi-
nent fault zone separates these two lithologies referred to 
as “Clay Cleft”, which is part of a large brittle tectonic 
zone of the Blanice graben, an NNE–SSW trending, 200 
km long tectonic zone (also called the Kouřim–Blan-
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ding units with location of Au and Ag–Pb–Zn hydrothermal vein-type 
deposits (modified according to Zachariáš and Hübst 2012).
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ice–Kaplice–Rödl fault zone) crossing all the Moldanu-
bian units and extending from the Český Brod to Linz 
in Austria (Fig. 1). The faults of the Blanice graben 
have been repeatedly reactivated. The oldest identified 
tectonic activity is inferred to 
be Permo-Carboniferrous in 
age (Stephanian C to Autun-
ian; Holub 2001), as has been 
suggested from the isolated 
islets of coal-bearing sediments. 
Therefore, the major tectonic 
movements in the Blanice gra-
ben must be of Permian age 
or younger (Zachariáš et al. 
2009). Košler et al. (2001) stud-
ied a chilled microgranodio-
rite dike that cut Moldanubian 
paragneisses near of a major 
NNE–SSW fault of the Blanice 
graben. They suggest a mini-
mum intrusive age of 270 ± 2 
Ma (40Ar/39Ar on hornblende), 
an origin from remelting of the 
lower crust and a temperature 
of less than 200 °C for the sur-
rounding Moldanubian host 
rocks at the time of the mi-
crogranodiorite-dike intrusion. 
According to Brandmayr et al. 
(1995), the Blanice Graben is a 
part of a conjugated strike-slip 
ductile and fault system consist-
ing of dextral (NW–SE) and 
sinistral (NE–SW) shear/fault 
zones originated under N–S 
oriented compression and E–W 
oriented extension. The Blanice 
Graben, in addition to the Stará 
Vožice–Ratibořské Hory ore 
district, hosts numerous other 
hydrothermal ore deposits (e.g., 
Au deposits Roudný and Do-
brá Voda; Ag–Pb–Zn deposits 
Stříbrná Skalice, Rudolfov and 
many other minor occurrences. 

The Ag–Pb–Zn ore district 
Stará Vožice–Ratibořské Hory is 
characterized by quartz–carbon-

ate and rarely baryte gangue with abundant galena and 
sphalerite accompanied by Ag-rich minerals (including 
keno/argentotetrahedrite-(Fe), pyrargyrite, stephanite, ar-
gentite, native silver, rare pyrostilpnite and polybasite) and 
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ré hory; adapted from the map server of 
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cal map 1 : 50 000; available at: https://
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with minor Fe-sulphides (pyrite, chalcopyrite and arsenopy-
rite) (e.g., Čech et al. 1952; Šrein 1985; Velebil et al. 2016; 
Vrtiška et al. 2020). Occurrences of supergene minerals in 
this ore district were very rare; the described occurrences 
of anglesite, azurite, cerussite, erythrite, greenockite, hydro-
zincite, malachite, parasymplesite, and pyromorphite (e.g. 
Čech et al. 1952; Vrtiška et al. 2019b) were mostly formed 
by (sub)recent weathering of ore minerals in mine dumps. 
Recently, rich occurrences of supergene Pb minerals (pyro-
morphite, kintoreite-like minerals and cerussite) originating 
from supergene zone in-situ have been discovered at Staré 
hory near Ratibořské Hory (Vrtiška et al. 2019a).

3. Experimental

3.1. Occurrence and sample description

Samples with the phosphates of the plumbogummite 
group (kintoreite and plumbogummite) were collected 

in the field about 1.7 km WSW of Ratibořské Hory in 
a mining area called Staré hory (GPS: N 49°27.44',  
E 14°44.83'; Fig. 2). It is probably the oldest mining area 
in the Ratibořské Hory ore deposit, as evidenced by the 
NW–SE trending line of abundant remains of shallow 
shafts (Fig. 3a, b). The studied samples were collected 
during field research around former shaft dumps. The oc-
currence of pyromorphite and well crystallized kintoreite 
(without Sn contents) from this area was published by 
Vrtiška et al. (2019a). These samples were found about 
50 m south from the occurrence of Sn-rich phosphates.

The studied phosphates form very finely dispersed 
microscopic grains in the hydrothermal veins penetrat-
ing altered muscovite paragneisses. These veins reach 
a thickness of up to 5 cm and are formed by crystals of 
white to colourless quartz up to 1 cm in size, milky to 
clear opal, limonite, and grey to black irregular grains of 
Ca-rich pyromorphite up to 5 mm in size (Fig. 4). Opal 
and quartz grains are coloured black in some parts by 
microscopic scaly aggregates of acanthite. Kintoreite and 
plumbogummite are dispersed mainly in the opal parts, 
which turn yellow to green-yellow in colour. In some 
samples, phosphates also penetrate the host rock (Fig. 5). 
Most of the studied phosphates are represented by almost 
pure kintoreite, which forms orange-yellow and yellow 
radial aggregates up to 100 µm. Its chemical composition 
is almost identical to that found in this area by Vrtiška et 
al. (2019a) for the well-crystallised varieties of kintoreite.

Only a minor part of the studied phosphates from the 
plumbogummite group have increased Sn contents and 
are further divided according to chemical composition 
into three groups (Fig. 6). More rarely, grains of galena, 
sphalerite, iodargyrite, imiterite, cuprite, mimetite and 
zoned aggregates of coronadite have been observed in 
the association. Exceptionally, irregular aggregates and 
veins of unidentified heterogenous Sn silicate up to 300 

a

b

100 m

100 m

Fig. 3a – The area of Staré hory as depicted in the aerial photograph 
showing the visible (now plated) remains of mining; year 1953 (avai-
lable at https://geoportal.gov.cz). b – Digital relief model of the 5th 
generation of the same area with a visible line of historical mining 
works and marked place with the occurrence of the studied minerals. 
The model was made between 2009–2013 (available at https://ags.cuzk.
cz/geoprohlizec).

Fig. 4 Hydrothermal vein with phosphates in an altered paragneiss. 
The vein consists of white to colourless quartz, opal with limonite, 
grey to black irregular grains of Ca-rich pyromorphite and yellow 
powdery aggregates of Sn-rich phosphates; sample size 110 × 65 mm. 
Photo: L. Vrtiška.
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µm in size were observed (Fig. 7). Its chemical composi-
tion is a combination of SnO2 (58.98–66.09 wt. %), SiO2 
(18.78–26.74 wt. %) and minor CaO (0.87–1.07 wt. %).

The Sn-rich kintoreite is the most common min-
eral with Sn content in the studied material from the 
Ratibořské Hory. It occurs in opal or in host rocks form-
ing yellow to green-yellow finely dispersed irregular 
spherical grains, usually up to 10 μm in size, which often 
form irregular oblong clusters up to 300 μm (Fig. 8a, b). 
These aggregates are zoned in some places in the BSE 
image, with darker edges containing less Sn. The Sn-rich 
kintoreite aggregates in association with pure kintoreite 

and opal in places form a concentric “agate-like” texture. 
Besides Fe end-member compositions (Sn-rich kintore-
ite), the Al-rich grains (Sn,Al-rich kintoreite) were also 
found in the studied material.

Much rarer Sn-rich plumbogummite forms solitary 
blue-grey spherical grains up to 5 μm or their clusters 

Fig. 5 Detail of hydrothermal vein formed by quartz and colourless to 
white opal. Opal is locally black coloured by abundant inclusions of 
acanthite. The Sn-rich phosphates are dispersed mainly in the opal parts 
and host rock, which turn yellow to green-yellow in colour; image width 
60 mm. Photo: L. Vrtiška.
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Fig. 6 Ternary diagram of Fe, Al, and Sn contents (apfu) in the studied 
phosphates from the plumbogummite group from Ratibořské Hory.
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Fig. 7 Irregular aggregates of an unidentified heterogenous Sn-silicate 
(light grey) in opal (dark grey); BSE photo: L. Váchová.

Fig. 8a – Spherical aggregates and their clusters of Sn-rich kintoreite 
(Sn-Kt) in the diagonal part of the photo, surrounded by more finely 
dispersed “pure” kintoreite (Kt); b – Sn-rich kintoreite aggregates may 
be zoned in places, darker rims contain less Sn; BSE photo: L. Váchová.
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up to 25 μm in size in opal in association with acanthite 
(Fig. 9).

3.2. Methods

Backscattered electron photos (BSE) were taken in the 
low-vacuum mode of the Hitachi S-3700N scanning 
electron microscope under the following conditions: ac-
celerating voltage 17 kV and emission current 5800 nA 
(National Museum, Prague).

The chemical composition of studied minerals was 
determined on polished and carbon-coated fragments 
mounted in an epoxy cylinder using a Cameca SX 100 
electron microprobe (National Museum, Prague). The in-
strument was operated in wavelength-dispersive mode at 
an accelerating voltage of 15 kV, beam current of 15 nA, 
and beam diameter of 2 µm. The following X-ray lines and 
standards were selected: Kα lines: P, Ca (apatite), Si, Al 
(sanidine), Fe (hematite), Zn (ZnO); Mα lines: Pb (vana-
dinite); Lα lines: As (clinoclase), Sn (Sn). Other elements 
(Mg, Na, K, Y, Cl, Mn, Bi, In, S, Sr, U, V, Cu, Co, Ba, 
Th, F, Cr, N, Ni) were sought but not detected. Counting 
times were 10–20 s on peak and half of this time for each 
background position. The raw intensities were converted to 
the concentrations automatically using PAP (Pouchou and 
Pichoir 1985) matrix-correction algorithm. Water could 
not be analysed directly because of the very small amount 
of material available; the H2O contents were calculated by 
the stoichiometry of ideal formulae and charge balance. 
Lower totals after adding the calculated water contents and 
a wide range of analytical totals of studied samples reflect 
(i) partial dehydration of samples in vacuum of EPMA 
chamber and (ii) uneven surface of samples.

Trace elements (Sn, Ga, Ge) in the galena were deter-
mined by means of ICP-MS analysis. The sample was di-
gested in 10 ml HF (49 % v/v) and 3 ml HNO3 (70 % v/v) 
in PTFE vessels (Savillex, Minnetonka, USA) overnight 
on a hot plate (150 °C). After the vessel was opened, the 

sample was evaporated to approx. 0.5 ml of the digest, 
which was dissolved in 2 % v/v HNO3 and transferred to 
a 50 ml volumetric flask. All the samples (and procedural 
blanks) were further diluted five-fold by 2 % v/v HNO3. 
All the acids used in the dissolution procedure were re-
agent grade (Merck, Germany and Penta Chrudim, Czech 
Republic) and double distilled. Purified water obtained 
from a Millipore system (Millipore, USA) was used for 
all the dilutions. All the solutions were stored in HDPE 
(Nalgene) bottles. A standard configuration of ICP-MS 
iCap Thermo Fisher equipped with a water-cooled (~ 5 °C) 
spray chamber with Meinhard-type nebuliser was utilised 
to analyse the solutions (modified after Strnad et al. 2005).

In-situ Sn, Ga, Ge analyses of sphalerite were performed 
on a quadrupole ICP-MS iCAP-Q (Thermo Bremen, Ger-
many) coupled to a CETAC LSX-213 nm laser microprobe 
installed at the Charles University in Prague. The Al-3 
sulfide reference material (provided by Mr. D. Savard, 
Univ. Quebec Chicoutimi, LabMaTer, Canada) was used as 
a calibrator and all analyses (spot of diameter 50 µm) were 
normalized to 33S signal as internal standard. The sample in-
troduction system and analytical protocol followed similar 
procedures described by Strnad et al. (2009, 2012).

Raman spectra of the studied sample were collected 
at room temperature in the range 50−4000 cm–1 using a 
DXR dispersive Raman Spectrometer (Thermo Scientific) 
mounted on a confocal Olympus microscope (National 
Museum, Prague). The Raman signal was excited by an 
unpolarized 532 nm diode-pumped solid-state laser and 
detected by a CCD detector. The experimental parameters 
were: 50 × objective (estimated diameter of the laser spot 
less than 0.7 μm), 10 s exposure time, 1000 exposures, 
400 lines/mm grating (spectral resolution 8.1–18.7 cm–1), 
25 μm pinhole spectrograph aperture and 7 mW laser 
power level. The data were repeatedly acquired from 
different grains in order to obtain a representative spec-
trum with the best signal-to-noise ratio. Eventual thermal 
damage of the measured point was excluded by visual 
inspection of the excited surface after measurement, by 
observation of possible decay of spectral features at the 
start of excitation and by checking for thermal downshift 
of Raman lines. The instrument was set up using a soft-
ware-controlled calibration procedure using multiple neon 
emission lines (wavelength calibration), multiple poly-
styrene Raman bands (laser frequency calibration), and 
standardized white-light sources (intensity calibration).

4. Results and discussion

4.1. Chemical composition

Chemical composition of all studied Sn-containing 
samples agrees well with the ideal formula of alunite 

Sn-Pbg

Aca

AcaOpl

Kt

0.02 mm

Fig. 9 Sn-rich plumbogummite (Sn-Pbg) in association with acanthite 
(Aca), “pure” kintoreite (Kt) and opal (Opl); BSE photo: L. Váchová.
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supergroup minerals AB3(XO4)2(OH, H2O)6. The Sn con-
tents correlate well with Fe + Al + Zn ones, which implies 
that Sn occupies B-position (Fig. 10). As same as in the 
case of Ge4+ contents in galloplumbogummite (Schlüter 
et al. 2014), we assume that Sn4+ components on the tri-
valent cation site of studied samples are compensated by 
a change of ratio of (PO3OH)2–/(PO4)3– groups in crystal 
structure. An additional excess of positive charge is prob-
ably compensated by the increased amount of OH groups.

Table 1 provides the chemical composition of Sn-rich 
kintoreite from Ratibořské Hory. In the A-site it contains 
only Pb (1.01–1.13 apfu), B-site is dominated by Fe 
(2.10–2.85 apfu) with contents of Sn (0.16–0.77 apfu; up 
to 15.13 wt. % SnO2; Fig. 7) and Zn (up to 0.11 apfu). The 
empirical formula (based on P = 2 apfu; mean of the 14 
point analyses) corresponds to Pb1.05(Fe2.51Sn0.46Zn0.06)Σ3.03 
(PO4)1.55(PO3OH)0.45(OH)6.00.

In Sn-rich plumbogummite (Tab. 2) the A-site contains 
only Pb (1.06–1.22 apfu). The B-site is occupied by Al 
(2.37–2.68 apfu), Sn (0.51–0.55 apfu; up to 11.27 wt. % 
SnO2) and Fe (up to 0.05 apfu). Its empirical formula (mean 
of 6 analyses) can be expressed on the basis of P = 2 apfu 
as Pb1.14(Al2.50Sn0.52Fe0.04)Σ3.06(PO4)1.98(PO3OH)0.02(OH)6.00.

The chemical composition of Sn,Al-rich kintoreite is 
distinctly more complex (Tab. 3), the A-site is occupied 
by Pb (0.84–1.06 apfu) and Ca (up to 0.07 apfu), B-site 
is dominated by Fe (1.30–2.35 apfu) with high Al (0.33–
0.74 apfu), Sn (0.47–1.29 apfu; up to 24.92 wt. % SnO2), 
and low Zn (up to 0.09 apfu). The X-site is dominated by 
P (1.52–1.91 apfu) with minor contents of Si (0.06–0.32 
apfu) and As (up to 0.24 apfu). Its mean composition 
(calculated from 14 analyses on the base of P + Si + As = 2 
apfu) is (Pb0.95Ca0.05)Σ1.00(Fe1.62Sn0.90Al0.62Zn0.05)Σ3.19(PO4)1.69 
(SiO4)0.21(AsO4)0.10(OH)6.20.
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Fig. 10 The (Fe+Al+Zn) vs. Sn graph 
(apfu) for kintoreite and plumbogummite 
from Ratibořské Hory.

Tab. 1 Chemical composition of Sn-rich kintoreite (wt. %)

mean 1 2 3 4 5 6 7 8 9 10 11 12 13 14
PbO 31.70 32.66 31.89 32.77 33.40 31.63 33.22 33.10 31.90 31.14 30.76 30.50 29.82 29.91 31.05
ZnO 0.61 0.22 0.32 0.29 0.40 0.24 0.36 0.27 0.65 0.90 0.88 0.99 1.21 0.97 0.90
Fe2O3 27.17 31.76 31.35 31.82 31.32 30.62 30.84 30.97 26.44 22.45 22.85 22.09 22.07 22.77 22.97
SnO2 9.33 3.33 3.46 3.87 3.85 5.51 6.34 6.10 10.07 14.53 14.48 14.68 15.04 15.13 14.26
P2O5 19.26 19.78 20.06 20.05 19.63 19.42 20.49 19.42 19.67 18.88 18.75 18.68 18.72 18.70 17.45
H2O* 7.89 8.36 8.83 8.50 8.12 7.90 8.69 7.51 8.39 7.78 7.54 7.67 7.64 7.41 7.24
total 95.96 96.11 95.91 97.30 96.72 95.32 99.94 97.37 97.12 95.68 95.26 94.61 94.50 94.89 93.87
Pb 1.046 1.050 1.011 1.039 1.082 1.036 1.031 1.084 1.031 1.049 1.043 1.038 1.013 1.017 1.132
Zn 0.056 0.019 0.028 0.025 0.036 0.022 0.031 0.024 0.058 0.083 0.082 0.092 0.113 0.090 0.090
Fe 2.507 2.854 2.778 2.821 2.836 2.803 2.676 2.835 2.390 2.114 2.166 2.102 2.096 2.165 2.340
Sn 0.456 0.159 0.162 0.182 0.185 0.267 0.291 0.296 0.482 0.725 0.727 0.740 0.757 0.762 0.770
Σ B-site 3.019 3.032 2.969 3.028 3.057 3.092 2.998 3.155 2.929 2.922 2.976 2.935 2.965 3.017 3.200
PO4 1.550 1.337 1.062 1.321 1.483 1.593 1.316 1.905 1.276 1.506 1.660 1.530 1.566 1.758 2.000
PO3OH 0.450 0.663 0.938 0.679 0.517 0.407 0.684 0.095 0.724 0.494 0.340 0.470 0.434 0.242 0.000
OH 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.543
H2O* – contents calculated by valence balance and stoichiometry from the ideal formula; calculated empirical formulae are based on P = 2 apfu.
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4.2. Raman spectroscopy

The experimental Raman spectra of all types of kinto-
reite ("pure", Sn- and Sn,Al-rich) from the Ratibořské 
Hory are close to each other (Fig. 11, Tab. 4); this 
confirms that the studied Sn-containing phosphates 
exhibit also kintoreite-type of the crystal structure. 

Small differences in the relative intensity of individual 
bands are probably caused by the different orientations 
of studied grains. The following interpretation of of 
Raman bands is based on the papers of Farmer (1974), 
Pechkovski et al. (1981), Nakamoto (2009), Frost et 
al. (2010, 2013) and Vrtiška et al. (2022). Samples in 
the following text are labelled as KI ("pure" kintoreite 
without Sn), SN (Sn-rich kintoreite) and SA (Sn,Al-rich 
kintoreite). A broad Raman band at 3230 (KI) with a 
shoulder at 2936 (3226, 2942 SN, and 3220, 3047 SA) 
cm–1 are assigned to the ν OH stretching vibrations of 
OH groups. Bands at 1129 and 1074 (1077 SN, 1132 
and 1077 SA) cm–1 are attributed to the ν3 (PO4)3– triply 
degenerated antisymmetric stretching vibrations, and 
that at 1006 cm–1 (identical wavenumber for all samples) 
to the ν1 (PO4)3– symmetric stretching vibrations. The 
ν4 (δ) (PO4)3– bending vibrations relate to the bands at 
643, 576 and 553 (611, 578, 555 SN and 614, 577, 555 
SA) cm–1, and the ν2 (δ) (PO4)3– bending vibrations with 
the bands at 446 and 426 (443, 428 SN and 445, 427 
SA) cm–1. The possible presence of (PO3OH)2– groups 
in kintoreite may cause the shift of the bands to higher 
wavenumbers than in the case of isolated PO4 groups 
(Nakamoto 2009; Frost et al. 2010). Otherwise, it is not 
easy to distinguish between the vibration modes of the 
(PO4)3– and (PO3OH)2– groups. According to Pechkovski 

Tab. 2 Chemical composition of Sn-rich plumbogummite (wt. %)

mean 1 2 3 4 5 6
PbO 34.73 35.06 36.38 35.44 33.77 33.70 34.04
Fe2O3 0.41 0.38 0.48 0.40 0.52 0.28 0.38
Al2O3 17.45 17.02 16.88 18.40 16.92 17.16 18.31
SnO2 10.81 11.19 10.27 10.45 11.10 10.55 11.27
P2O5 19.44 18.95 19.00 19.14 19.84 19.31 20.39
H2O* 7.43 7.44 7.27 7.96 8.14 7.62 8.01
total 90.26 90.04 90.28 91.79 90.29 88.62 92.40
Pb 1.136 1.177 1.218 1.178 1.083 1.110 1.062
Fe 0.037 0.036 0.045 0.037 0.047 0.026 0.033
Al 2.499 2.501 2.474 2.677 2.375 2.474 2.500
Sn 0.524 0.556 0.509 0.514 0.527 0.515 0.521
Σ B-site 3.060 3.093 3.028 3.228 2.948 3.015 3.054
PO4 1.976 2.000 2.000 2.000 1.536 1.779 1.806
PO3OH 0.024 0.000 0.000 0.000 0.464 0.221 0.194
OH 6.000 6.187 6.028 6.554 6.000 6.000 6.000
H2O* – contents calculated by valence balance and stoichometry from 
the ideal formula; calculated empirical formulae are based on P = 2 apfu.

Tab. 3 Chemical composition of Sn,Al-rich kintoreite (wt. %)

mean 1 2 3 4 5 6 7 8 9 10 11 12 13 14
CaO 0.40 0.27 0.41 0.36 0.37 0.37 0.34 0.41 0.36 0.50 0.41 0.54 0.40 0.43 0.41
PbO 28.98 30.85 30.27 30.37 30.57 28.33 29.13 29.25 29.72 27.79 27.68 27.97 28.57 28.08 27.14
ZnO 0.59 0.57 0.51 0.57 0.48 0.99 0.78 0.61 0.59 0.48 0.47 0.56 0.60 0.49 0.53
Fe2O3 17.76 24.44 19.57 18.91 18.13 21.96 16.97 16.66 17.51 18.12 15.92 15.39 15.42 15.02 14.58
Al2O3 4.32 2.85 4.46 4.51 4.33 2.34 4.69 4.74 4.78 3.47 5.07 4.50 4.86 5.03 4.79
SnO2 18.50 9.28 14.17 14.46 14.98 15.67 18.51 20.22 17.84 19.96 20.22 23.28 22.46 23.05 24.92
SiO2 1.72 0.47 1.44 1.04 1.35 1.16 1.53 2.15 1.61 1.76 2.18 2.51 1.93 2.43 2.47
As2O5 1.53 0.48 0.00 1.27 0.38 2.73 2.71 4.23 0.05 3.14 1.52 3.35 1.08 0.46 0.00
P2O5 16.49 17.64 17.32 17.38 17.55 16.47 16.61 16.60 16.97 15.40 15.86 16.00 15.91 15.79 15.29
H2O 7.65 7.59 7.61 7.40 7.63 7.44 7.89 9.56 7.93 7.60 7.68 8.69 8.26 8.20 8.57
total 97.92 94.44 95.76 96.27 95.77 97.46 99.16 104.43 97.36 98.22 97.01 102.79 99.49 98.98 98.70
Ca 0.052 0.037 0.055 0.047 0.048 0.048 0.043 0.048 0.048 0.065 0.054 0.065 0.054 0.057 0.057
Pb 0.947 1.061 1.012 0.996 1.003 0.923 0.922 0.855 1.000 0.910 0.909 0.846 0.964 0.943 0.948
Σ A-site 0.999 1.098 1.067 1.043 1.052 0.971 0.965 0.903 1.048 0.975 0.962 0.911 1.017 1.000 1.005
Zn 0.053 0.054 0.047 0.051 0.043 0.088 0.068 0.049 0.054 0.043 0.042 0.046 0.056 0.045 0.051
Fe 1.622 2.350 1.829 1.733 1.663 1.999 1.502 1.362 1.647 1.659 1.461 1.301 1.454 1.409 1.424
Al 0.618 0.429 0.653 0.648 0.622 0.334 0.650 0.607 0.704 0.498 0.729 0.596 0.718 0.739 0.732
Sn 0.896 0.473 0.702 0.702 0.728 0.756 0.868 0.876 0.889 0.968 0.983 1.043 1.122 1.146 1.289
Σ B-site 3.188 3.305 3.230 3.135 3.057 3.177 3.087 2.893 3.294 3.168 3.215 2.985 3.349 3.340 3.496
SiO4 0.208 0.060 0.179 0.127 0.165 0.140 0.180 0.234 0.201 0.214 0.266 0.282 0.242 0.303 0.320
AsO4 0.097 0.032 0.000 0.081 0.024 0.173 0.167 0.240 0.003 0.200 0.097 0.197 0.071 0.030 0.000
PO4 1.695 1.908 1.821 1.792 1.604 1.687 1.465 0.604 1.796 1.586 1.637 1.013 1.687 1.667 1.680
PO3OH 0.000 0.000 0.000 0.000 0.207 0.000 0.189 0.922 0.000 0.000 0.000 0.508 0.000 0.000 0.000
Σ T-site 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
OH 6.198 6.471 6.301 6.014 6.000 6.001 6.000 6.000 6.613 6.165 6.244 6.000 6.906 6.818 7.416
H2O* – contents calculated by valence balance and stoichiometry from the ideal formula; calculated empirical formulae are based on the sum of 
(Si + As + P) = 2 apfu.
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et al. (1981), the bands for each of these groups occur 
in the close positions or form part of a broader band 
profile. An intensive band at 345 (346 SN and 345 SA) 
cm–1 may be related to the metal (Pb,Fe,Al)-oxygen 
stretching vibrations; those at 281, 237 (278, 237 SN 
and 279, 236 SA) cm–1 are attributed to metal-oxygen 
bending vibrations with possible overlap with vibrations 

of the hydrogen bonds formed between the hydroxyl 
units and the phosphate units. The bands observed be-
low 200 cm–1 (168, 107, 79, 83 KI, 137, 104, 84, 52 SN 
and 170, 113, 84, 60 SA) may be described as lattice 
modes. Raman spectra of Sn-rich plumbogummite were 
measured but were not suitable for publication due to 
high fluorescence.
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Fig. 11 Raman spectra of kintoreite samples from Ratibořské Hory (split at 2000 cm–1), the spectra are vertically shifted for clarity.

Tab. 4 Tentative assignment of Raman spectra of kintoreite from Ratibořské Hory

kintoreite* Sn-rich kintoreite* Sn,Al-rich kintoreite* tentative assignment
3230 3226 3220

ν OH stretching vibrations
2936 2942 3047
1129 1132

ν3 (PO4)3– stretching vibrations
1074 1077 1077
1006 1006 1006 ν1 (PO4)3– stretching vibration
846 859 libration modes 
643 611 614

ν4 (δ) (PO4)3– bending vibrations576 578 577
553 555 555
446 443 445

ν2 (δ) (PO4)3– bending vibrations
426 428 427
345 346 345 Pb–O and Fe–O stretching vibrations
281 278 279 Pb–O and Fe–O bending vibrations and/or vibrations 

of hydrogen bonds P–OH237 237 236
168 167 170

lattice modes
107 104 113
79 84 84
63 52 60

*Band positions in cm–1
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4.3. Sources of Sn and the formation of the 
association

Tin occurs in nature mainly in primary minerals, mostly in 
cassiterite, but also in others, namely in sulphides (këster-
ite, stannite, franckeite, cylindrite, etc.). However, in gen-
eral, supergene tin minerals are very rare. Moreover, no 
primary Sn minerals have been observed in the Ratibořské 
Hory ore deposit. The increased Sn contents in galena and 
especially in sphalerite are mentioned by Pačes (1958) 
based on the qualitative spectrographic analysis from the 
Stará Vožice (northern part of the Stará Vožice–Ratibořské 
Hory ore district). Following this information, were mea-
sured the Sn contents (and other trace elements) using 
LA-ICP-MS in one sample of galena and in 7 samples of 
different types of sphalerite from the material obtained in 
the area of occurrence of Sn-rich phosphates in Staré hory 
and from other parts of the Stará Vožice–Ratibořské Hory 
ore district. Only very low Sn concentrations (under 1 
ppm) were detected in galena from the Staré hory area. In 
the studied sphalerites, the highest Sn contents (up to 3040 
ppm) were measured in black-coloured sphalerite samples 
found in the area of Sn-rich phosphate occurrence in the 
Staré hory (Tab. 5). Elevated Sn contents (up to 955 ppm) 
were also observed in samples of black sphalerite from the 
Ratibořské Hory. Dark brown to black sphalerites from the 
neighbouring Stará Vožice ore district show significantly 
lower Sn contents (up to 88 ppm). The lowest Sn contents 
were found in yellow and yellow-orange sphalerites from 
Ratibořské Hory (up to 7 ppm).

The detected Sn contents in sphalerites from the Stará 
Vožice–Ratibořské Hory ore district, especially from the 
area with the occurrence of Sn-rich phosphates, probably 
indicate a primary source of Sn entering to the supergene 
processes. The abundant opal and locally present hetero-
geneous Sn-silicates indicate the possibility of formation 
of the studied Sn-containing phosphates from Si-rich 
gels, similarly, as described by Majzlan et al. (2012) in 
the case of the crystallization of supergene bukovskýite 
in the Kutná Hora ore district.

The high Sn contents in studied sphalerites are 
also accompanied by increased contents of Ga and Ge 
(Tab. 5). These elements may enter the crystal structure 
of plumbogummite group minerals, specifically the gal-

loplumbogummite (Schlüter et al. 2014). However, in 
the studied Sn-rich phosphates, these elements were not 
detected by EPMA and due to their minimum size the use 
of LA-ICP-MS is not possible.

5. Conclusions

Studied minerals of the plumbogummite group (plum-
bogummite and kintoreite), discovered in a field in the area 
of reclaimed mine dumps at the abandoned Ag–Pb–Zn 
deposit Ratibořské Hory (Czech Republic), contain unusu-
ally high Sn contents (up to 1.29 apfu or 24.92 wt. % SnO2 
respectively). To date, neither alunite supergroup minerals 
nor other secondary phosphates with high Sn contents have 
been observed. Sn, on the basis of good correlation with 
Fe + Zn + Al, occupies the B-position of the studied minerals 
in the form of Sn4+ as same as in the case of Ge4+ contents 
in galloplumbogummite (Schlüter et al. 2014). Tetravalent 
components on the trivalent cation site of studied samples 
are compensated by a change of ratio of (PO3OH)2–/(PO4)3– 
groups in crystal structure. An additional excess of positive 
charge is probably compensated by the increased amount 
of OH groups. The source of Sn for the formation of these 
minerals is probably sphalerite, in which concentrations of 
up to up to 3040 ppm have been measured. Other Sn-bearing 
minerals have not yet been identified at the deposit.
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