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The mineral first found by Nefedow [1] near the
Tashelga River in the south�eastern region of Western
Siberia and described by him (without formula) as a
complex oxide of Al, Mg, Fe, and Ca, which he called
“lodochnikovite,” is represented by concretions of
very thin blue�green needles up to 2 mm in length.
According to [1], lodochnikovite is monoclinic with
the unit cell parameters а = 23.6 Å, b = 17.1 Å, and
c = 5.7 Å; optically biaxial negative with a small
2V angle; Ng = 1.746, Nm = 1.744, Np = 1.732, Ng –
Np = 0.014.

The determination of the iron valence state by X�
ray emission spectroscopy (on the basis of the intensity
ratio of the Fe  and Fe  lines [2]) showed that

most iron in the mineral is the form Fe2+ (the ratio
Fe2+ : Fe3+ = 9 : 1). The chemical composition of the
mineral was redetermined by EDS�mode electron
microprobe analysis. The empirical formula calcu�
lated for 34 anions with allowance for the charge bal�
ance and the measured Fe2+ : Fe3+ ratio is

Ca1.96Mn0.09Mg2.12 Al17.46Zn0.03O31.69(OH)2.31.

The presence of OH groups bound to the amphot�
eric cation is confirmed by IR spectroscopy (the band
at 3035 cm–1).

The experimental X�ray diffraction data were col�
lected in full sphere of reciprocal space (sinθ/λ <
1.146 Å–1) on an Oxford Diffraction Xcalibur diffrac�
tometer, CCD detector, from a needle�shaped single

Kβ5
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Fe2.11
2+

Fe0.23
3+

crystal. Analysis of the diffraction reflections showed
that the symmetry of the crystal could be described to
fit an orthorhombic unit cell (space group P212121,
P21212, P2122, P222); however, the search for a struc�
tural model and its refinement remained problematic.
Only the transition to the monoclinic symmetry with
space group Pc, with which only two weak h0l reflec�
tions with l = 2n + 1 are inconsistent, allowed us to
determine the mineral structure. The structure was
solved by direct methods with an automatic iteration
procedure [3]. All calculations were performed with
the AREN program package [4].

Crystal data and experimental details are listed in
Table 1.

The least�squares refinement of the model with
allowance for twinning by the plane perpendicular to
the z axis (the twinning components were 0.47 and
0.53) led to R = 11.11% in the isotropic approxima�
tion. After applying corrections for absorption by the
DIFABS program [5], the R value decreased to 5.16%
in the anisotropic approximation. The OH groups
were found by the calculation of the local bond valence
balance according to Brese [6], and, as mentioned
above, their presence was confirmed by IR spectros�
copy. The coordinates of the cations (the anions are
omitted not to overcrowd the table) and their thermal
characteristics are listed in Table 2.

The basic features of the composition and structure
of the mineral are reflected in its crystal�chemical for�
mula (Z = 4)

Ca2 [ O31(OH)][ O][AlIV][AlIV(OH)], Mg2
IV

Fe2
2+( )IV

Al14
VI

Al2
IV

where Roman numerals denote the coordination of
atoms, and square brackets mark out the bands of Al

octahedra, interlayer Al diortho groups, and interlayer
Al tetrahedra of two types, without OH groups and
hydrated.

Aluminum plays different roles in the structure.
Most of aluminum atoms, Al(1)–Al(23), are in octa�
hedra (the Al–O distances are within 1.68–2.14 Å).
The octahedra share an edge to form bands running
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along the short direction х at an angle to the y and z
axes. These broad bands are fragments of the spinel
layer. The Al(24)–Al(28) atoms also form octahedra
with Al–O distances within 1.76–2.06 Å. These octa�
hedra are located between neighboring bands as spac�
ers. These bands are stacked with a shift along the y

axis, which leads to the formation of a stepped layer in
which the thickness of two bands alternates with the
thickness of three bands. The layer, being reflected by
plane с, forms the second “inverted” layer. The mean
planes of both layers are parallel to the y axis. The
Al(29)–Al(32) atoms are in tetrahedra (Al–O =

Table 1.  Crystal data and experimental details

Chemical formula (Z = 4) Ca2Mg2 Al18O32(OH)2 Diffractometer Xcalibur Oxford Diffrac�
tion, CCD detector

a, Å 5.6973(1) Scan mode ω

b, Å 17.1823(4) θmax, deg 55

c, Å 23.5718(5) Index range –12 < h < 11, –36 < k < 38,
–50 < l < 47

β, deg 90 R of averaging equivalent
reflections

0.035

Unit cell volume, Å3 V = 2307.5(7) Total number of reflections 9907I > 3σ

Density ρcalc, g/cm3 3.64 Number of independent
reflections

4773 |F | > 7σ(F)

Molecular weight 5058.96 Number of independent sites 116

Absorption coefficient, cm⎯1 26.207 Number of refined parameters 1130

Space group, Z P1c1, 4 R for isotropic�and�anisotropic 
refinement

0.0516

Radiation; λ, Å MoK
α
; 0.71073 Calculation software AREN [4]

Crystal size, mm 0.03 × 0.02 × 0.35 Absorption correction program DIFABS [5]
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General view of the tashelgite structure: stepped layers of superimposed bands of edge�sharing Al octahedra and their connection
through Fe2+, Al, and Mg tetrahedra, Al diortho groups, Ca atoms, and hydrogen bonds of the OH groups. 
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1.65⎯1.85 Å) forming diortho groups, which combine
the stepped layers into a three�dimensional construc�
tion (figure). Two more tetrahedra Al(33) and Al(34)
with Al–O distances within 1.62–1.89 Å are located
on the outer side of the layers and combine them
through edge sharing. The Al(35) and Al(36) tetrahe�
dra (Al–O = 1.69–1.89 Å) also link the layers but
through hydrogen bonds of the OH groups located at
the free vertex of each tetrahedron.

The Mg(1)–Mg(4) atoms form tetrahedra with
Mg–O distances within 1.81–2.04 Å, which are
located into the layer and link the bands. All doubly
charged iron atoms are in a tetrahedral coordination
with cation–anion distances within 1.79–2.07 Å. The
alternating iron tetrahedra and intralayer magnesium
tetrahedra combine bands into layers.

Calcium also links the layers into a three�dimen�
sional construction. The calcium atoms occupy the
interlayer space, forming two types of polyhedra: the
Ca(1) and Ca(2) octahedra with Ca–O distances
within 2.30–2.49 Å and the Ca(3) and Ca(4) seven�
vertex polyhedra with Ca–O distances of 2.29–2.61 Å.
These polyhedra share edges with the Al octahedra in
the layer and the Al diortho groups and share only ver�
tices with the aluminum tetrahedra.

The stepped shape of the layers is a specific feature
of the unique structure of the mineral. A similar char�
acter of layers was found in the structure of afwillite
[7], in which calcium seven�vertex polyhedra share
edges with one another to form triple bands shifted
with respect to each other and combined into a
stepped layer.

For aluminum, the tetrahedral coordination is typ�
ical. However, being in the octahedral coordination,
aluminum also forms various constructions—from
discrete octahedra (chloroaluminite) to framework
structures (diaspore). Columns of edge�sharing Al
octahedra were found in khaidarkanite [8]. Edge�
sharing octahedra form two types of layers—spinel
and corundum ones. Corundum layers exist in bayer�
ite, gibbsite, doyleite, and nordstrandite (in corun�
dum, these layers are superimposed, thus being com�
bined into a framework).

By the stoichiometry of the cations Ca : (Mg, Fe,
Al) = 1 : 11, the mineral under consideration is closest
to hexagonal diaoyudaoite [9], in which Na : Al =
1 : 11. However, the minerals are chemically and
structurally different. In the diaoyudaoite structure, Al
octahedra form spinel layers, which are combined
through discrete Al octahedra and tetrahedra into
double layers. These double layers are smooth and
have a constant thickness. They are combined into a
three�dimensional construction through Al diortho
groups and Na atoms.

Thus, we reported the results of X�ray crystallo�
graphic analysis of a complex natural oxide of Al, Mg,
Fe, and Ca and refined its chemical formula. The
structure is unique in its complexity and versatility and

Table 2.  Atomic coordinates and equivalent atomic displace�
ment parameters (Beq)

Atom, 
position x/a y/b z/c Beq/iso*, Å2

Al(1) 0.951(1) 0.1671(2) 0.0342(2) 0.8(1)
Al(2) 0.460(1) 0.1678(2) 0.0341(2) 0.7(1)
Al(3) 0.952(1) 0.2859(3) 0.6478(2) 1.1(5)
Al(4) 0.457(1) 0.2862(2) 0.6494(1) 0.4(1)
Al(5) 0.698(2) 0.2470(4) 0.4475(3) 0.4(2)
Al(6) 0.447(1) 0.1088(2) 0.4790(2) 0.7(1)
Al(7) 0.951(1) 0.1116(3) 0.4801(2) 0.7(2)
Al(8) 0.450(1) 0.4428(2) 0.0864(1) 0.5(1)
Al(9) 0.955(1) 0.4427(3) 0.0855(2) 0.9(1)
Al(10) 0.217(2) 0.4717(2) 0.8825(1) 0.6(1)
Al(11) 0.704(3) 0.1940(3) 0.8320(2) 1.6(1)
Al(12) 0.207(2) 0.4242(2) 0.6154(1) 0.9(1)
Al(13) 0.953(1) 0.3868(3) 0.4129(2) 1.0(2)
Al(14) 0.455(1) 0.3898(4) 0.4144(2) 1.0(2)
Al(15) 0.702(2) 0.3055(2) 0.0634(1) 0.5(1)
Al(16) 0.202(2) 0.0791(2) 0.2796(2) 1.3(1)
Al(17) 0.199(1) 0.0303(3) 0.0070(1) 1.1(1)
Al(18) 0.965(1) 0.2145(3) 0.2464(2) 1.0(2)
Al(19) 0.446(1) 0.2146(4) 0.2451(3) 1.7(2)
Al(20) 0.954(1) 0.0599(3) 0.8084(2) 1.2(2)
Al(21) 0.946(1) 0.3274(3) 0.8576(2) 1.4(2)
Al(22) 0.451(1) 0.0545(4) 0.8081(3) 1.8(2)
Al(23) 0.446(1) 0.3330(3) 0.8592(2) 1.3(2)
Al(24) 0.204(2) 0.4729(1) 0.4995(1) 0.7(1)
Al(25) 0.701(2) 0.1982(2) 0.5651(2) 0.7(1)
Al(26) 0.713(2) 0.2528(5) 0.9489(4) 1.0(1)
Al(27) 0.707(2) 0.3031(3) 0.3289(1) 1.6(1)
Al(28) 0.196(2) 0.0278(3) 0.3952(1) 1.6(1)
Al(29) 0.703(2) 0.4504(2) 0.6819(1) 1.1(1)
Al(30) 0.701(2) 0.5087(2) 0.3176(1) 0.4(1)
Al(31) 0.701(2) 0.0041(2) 0.0751(1) 0.9(1)
Al(32) 0.713(1) 0.0521(3) 0.2156(2) 1.3(1)
Al(33) 0.188(1) 0.2153(3) 0.7664(2) 0.6(1)
Al(34) 0.206(2) 0.2789(2) 0.1272(1) 0.4(1)
Al(35) 0.192(2) 0.1233(3) 0.6050(1) 0.7(2)
Al(36) 0.203(3) 0.3744(2) 0.2862(2) 0.8(1)

Fe(1) 0.200(1) 0.2812(1) 0.5172(1) 1.17(4)
Fe(2) 0.702(1) 0.0547(1) 0.9351(1) 1.55(5)
Fe(3) 0.705(1) 0.1103(1) 0.3513(1) 1.32(5)
Fe(4) 0.209(1) 0.3315(1) 0.9867(1) 1.8(1)

Mg(1) 0.211(2) 0.1683(3) 0.9078(2) 1.0(2)
Mg(2) 0.698(2) 0.3884(2) 0.5456(1) 0.3(1)
Mg(3) 0.200(1) 0.2190(2) 0.3744(1) 0.4(1)*
Mg(4) 0.705(1) 0.4434(1) 0.9588(1) 0.3(1)*

Ca(1) 0.197(2) 0.4165(2) 0.7514(1) 2.4(1)
Ca(2) 0.209(1) 0.0841(1) 0.1430(1) 0.6(2)
Ca(3) 0.702(2) 0.3742(1) 0.2009(1) 1.3(1)
Ca(4) 0.705(2) 0.1281(1) 0.6947(1) 1.4(1)
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contains functionally different Al atoms in coordina�
tion of two types.

The article with the detailed mineralogical descrip�
tion of tashelgite will be submitted for publication in
Zapiski Rossiskogo Mineralogicheskogo Obshchestva
(Proceedings of the Russian Mineralogical Society) (in
Russian) and Geology of Ore Deposits (in English).
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