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ABSTRACT
A second occurrence of tinsleyite, KAl2(PO4)2(OH)⋅2H2O, is reported. The mineral exists as a
thin layer in a quartzite wall partially covered by rock paintings, and was characterized by X-ray
diffraction, thermal and chemical analysis, and by Mössbauer spectroscopy. The calculated cell parameters are a = 9.58(6), b = 9.53(4), c = 9.54(6) Å, β = 103.2(4)°. Chemical analysis showed the
presence of 3.9% Fe which probably replaces Al in the octahedral site. The Mössbauer spectra from
room temperature down to 85 K show the existence of two Fe3+ doublets with ∆EQ1 ~ 0.57 mm/s and
∆EQ2 ~ 1.0 mm/s. At 77 K the spectrum drastically changes, suggesting that a structural transition
might have occurred. The formation of tinsleyite might be due to the reaction of phosphate-rich
water which runs along the fractures of the wall. The existence of tinsleyite in such a relatively large
abundance indicates that this mineral might not be rare as previously thought.

INTRODUCTION
Tinsleyite, KAl2(PO4)2(OH)⋅2H2O, was first described by
Dunn et al. (1984) from the Tip Top pegmatite in South Dakota. The cell parameters derived from powder X-ray diffraction data were given as a = 9.602(8), b = 9.532(6), c = 9.543(11)
Å, b = 103.16(6)°, and Z = 4. Recently, Dick (1999) characterized a synthetic tinsleyite obtained by the reaction of gibbsite
with a potassium-phosphate solution. A structural analysis was
made on a single-crystal specimen and the cell parameters were
given as a = 9.499(2), b = 9.503(2), c = 9.535(2) Å, β =
103.26(3)° and Z = 4. According to this author, tinsleyite is
isostructural with leucophosphite. Another closely related mineral is spheniscidite, [Fe2(NH4)(PO4)2(OH)⋅2H2O], whose structure was first described by Cavellec et al. (1994), who also
found that this mineral is isostructural with leucophosphite.
Tinsleyite, leucophosphite, and spheniscidite are monoclinic
with space group P21/n (Moore 1972; Cavellec et al. 1994; Dick
1999). However, Dunn et al. (1984) proposed for natural
tinsleyite a different space group (Pn or P2/n) because of the
presence of a weak reflection that could be indexed as (010).
The basic structure consists of two octahedra sharing an edge
containing the two OH groups, and two satellite octahedra sharing the same corner where the hydroxyl groups are located.
One water molecule is bonded to the octahedra, whereas the
other one is located in the cavities which run parallel to the b
axis. The other cation (K+ or NH4+) is also located in these tunnels. There are two non-equivalent octahedral Fe sites. In one
site, Fe3+ is surrounded by two OH groups in a cis configuration; in the other site by one OH group and one water molecule. Thus, it can be anticipated that the Mössbauer spectrum
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might show the signals corresponding to Fe in these two nonequivalent octahedral sites. A schematic arrangement of this
structure is shown in Figure 1.
This second natural occurrence of tinsleyite was reported
by da Costa et al. (1991), who described its presence as a pink
layer in a quartzite wall. This material was found in an archaeological site named Santana do Riacho, located about 90 km
north of the city of Belo Horizonte in the state of Minas Gerais.
According to Karfunkel et al. (1991) the stratigraphy of the
area is mainly composed of rocks from the Córrego dos Borges
Formation (Espinhaço Supergroup) and from the Macaúbas and
Bambuí Groups (São Francisco Supergroup). In this region there
are important Mn and iron oxide deposits formed by lateritic
alteration and supergenic concentration processes (Dossin
1983). These deposits were developed from the pelitic unit of
the Macaúbas Group and a detailed study of these ores has
shown that the main manganese oxides are psilomelane,
criptomelane, and pirolusite. Both P and Al are present in concentration up to 2% and 14%, respectively (Dossin 1983).
The oldest human remains were dated to 13500 B.C., but
the age of the paintings could not be determined. Hundreds of
rock paintings were painted on a quartzite wall, which is about
80 m long and 15 m high and was used as a natural shelter
(Prous and Malta 1991). The pigments were identified as iron
oxihydroxides, mainly hematite and goethite. The pink layer is
present both in the upper part of the wall and near and over
some paintings. Sometimes it is also present below the paintings, suggesting that the formation begun a long time ago and
is still occurring today (da Costa et al. 1991). Consequently,
the original layer of paintings can be masked by the pink color,
with serious implications for the conservation of the entire archaeological site. Hence the goal of this work is to characterize the mineralogy of the pink layer and to understand its
formation.
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