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Abstract A new mineral kobyashevite, Cus(SO4),
(OH)¢'4H,O (IMA 2011-066), was found at the Kapital’-
naya mine, Vishnevye Mountains, South Urals, Russia. It is
a supergene mineral that occurs in cavities of a calcite-
quartz vein with pyrite and chalcopyrite. Kobyashevite
forms elongated crystals up to 0.2 mm typically curved or
split and combined into thin crusts up to 1x2 mm. Kobya-
shevite is bluish-green to turquoise-coloured. Lustre is vit-
reous. Mohs hardness is 2%. Cleavage is {010} distinct. D
(calc.) is 3.16 g/em?®. Kobyashevite is optically biaxial (—), o
1.602(4), B 1.666(5), v 1.679(5), 2 V(meas.) 50(10)°. The
chemical composition (wt%, electron-microprobe data) is:

Editorial handling: H. Effenberger

I. V. Pekov (P<) + N. V. Zubkova * V. O. Yapaskurt *
D. Y. Pushcharovsky

Faculty of Geology, Moscow State University,
Vorobievy Gory,

119991 Moscow, Russia

e-mail: igorpekov(@mail.ru

D. L. Belakovskiy

Fersman Mineralogical Museum of the Russian Academy of
Sciences,

Leninsky Prospekt 18-2,

119071 Moscow, Russia

N. V. Chukanov

Institute of Problems of Chemical Physics, Russian Academy of
Sciences,

142432 Chernogolovka,

Moscow Oblast, Russia

A. V. Kasatkin

V/O “Almazjuvelirexport”,
Ostozhenka Str., 22, Block 1,
119034 Moscow, Russia

A. M. Kuznetsov
Oktyabrskaya Str., 5-337,
454071 Chelyabinsk, Russia

CuO 57.72, ZnO 0.09, FeO 0.28, SO; 23.52, H,O(calc.)
18.39, total 100.00. The empirical formula, calculated based
on 18 O, is: Cugo6Fe€0.03Zn0.01S2.0108.04(OH)s.964H,0.
Kobyashevite is triclinic, P 1, a 6.0731(6), b 11.0597(13),
¢ 5.5094(6)A, o 102.883(9)°, 392.348(8)°, ¥ 92.597(9)°, V
359.87(7)A%, Z=1. Strong reflections of the X-ray powder
pattern [d,A-I(hkl)] are: 10.84-100(010); 5.399-40(020);
5.178-12(110); 3.590-16(030); 2.691-16(20—1, 040, 002),
2.653-12(04-1, 02-2), 2.583-12(2-11, 201, 2-1-1),
2.425-12(03-2, 211, 131). The crystal structure (single-
crystal X-ray data, R=0.0399) contains [Cu,(SO4)>(OH)s]
corrugated layers linked via isolated [CuO,(H,0)4] octahe-
dra; the structural formula is CuCuy(SO4),(OH)g¢4H,O.
Kobyashevite is a devilline-group member. It is named in
memory of the Russian mineralogist Yuriy Stepanovich
Kobyashev (1935-2009), a specialist on mineralogy of the
Urals.

Introduction

Seven copper sulfate minerals with both OH groups and
H,0 molecules and without other species-defining cations
or anions were known before: langite, Cuys(SOy4)
(OH)¢2H,0, montetrisaite, Cug(SO4)(OH);2H,0, posnja-
kite, Cu4(S0O4)(OH)s'H,0O, ramsbeckite, Cu;s
(SO4)4(OH)22'6H20, redgillite, CU(,(SO4)(OH)10'H20,
schulenbergite, Cu7(SO4)>(OH),¢'3H,0, and wroewolfeite,
Cuy(SO4)(OH)¢2H,0. These minerals, showing significant
structural diversity, have the same origin: they are formed as
products of supergene alteration (oxidation) of copper
sulfides.

The present paper describes another mineral belonging to
this chemical family and having the same genesis. It was
named kobyashevite (Cyrillic: ko06simeBur) in memory of
the Russian mineralogist Yuriy Stepanovich Kobyashev

@ Springer



202

L.V. Pekov et al.

(1935-2009) who worked in the Ilmeny Natural Reserve,
Miass, Chelyabinsk Oblast, Russia. He was a well-known
specialist on the mineralogy of the Urals (Kobyashev and
Nikandrov 2007) and, in particular, of the Vishnevye Moun-
tains (Kobyashev et al. 1998).

Kobyashevite is a member of the devilline group and the
natural analogue of the synthetic compound Cus(SOy),
(OH)¢"4H,0 (Table 1), also known as a product of atmo-
spheric corrosion of copper and bronze objects' (Strandberg
et al. 1995).

The new mineral and its name have been approved by the
IMA CNMNC, No. 2011-066. The type specimen of kobya-
shevite is deposited in the collection of the Fersman Miner-
alogical Museum of the Russian Academy of Sciences,
Moscow, the registration number is 4152/1.

Occurrence and general appearance

The type locality of kobyashevite is the Kapital’naya mine,
Vishnevye Mountains, Chelyabinsk Oblast, South Urals,
Russia. This underground mine, operated for Nb and Ta
(pyrochlore ore), was abandoned and flooded in mid-1990s.
The specimens of the mineral were collected in early 1990s by
local miner and amateur mineralogist Georgiy E. Antonov.
Kobyashevite was found in small cavities of a calcite-
quartz vein with minor amounts of pyrite and chalcopyrite.
This vein cross-cuts fenites of the Vishnevogorsky alkaline
complex (Kobyashev et al. 1998). The new mineral occurs as
elongated crystals up to 0.1 mm, rarely 0.2 mm in size. They
show a prismatic habit but, in fact, are shaped by faces of three
or more pinacoids (Fig. 1a). The crystals are typically curved
or split, divergent (Fig. 1b, c¢) and combined in groups
(Fig. 1c, d) on the surface of calcite or quartz. Thin, open-
work crystal crusts of kobyashevite are up to 1 X2 mm in size.

Physical properties and optical data

Kobyashevite is transparent, bluish-green to turquoise-
coloured, with pale bluish green streak. The lustre is vitreous.
The mineral does not fluoresce in UV nor in cathode rays. Its
Mohs hardness is 2. Kobyashevite is brittle. The cleavage is
{010} distinct, the fracture is stepped. Density could not be
measured because of small grain size and the open-work
character of aggregates; the calculated density is 3.155 gem .

Kobyashevite is optically biaxial (—), «=1.602(4), B=
1.666(5), v=1.679(5), 2 V (meas.) = 50(10)°, 2 V (calc.) =
47°. Dispersion of optical axes is strong, » < v. Orientation:
Z is close to the crystal elongation direction. Pleochroism is

! In some papers the name “strandbergite” is used for this compound
formed in the result of corrosion of artificial metallic objects containing
copper (He 2002).
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Table 1 Comparative data for kobyashevite and its synthetic analogue

Mineral/compound  Kobyashevite Synthetic

Formula Cus(SO4)2(OH)s'4H,0  Cus(SO4),(OH)s4H,0O
Crystal system Triclinic Triclinic
Space group P1 P1
a, A 6.0731(6) 6.064(2)
b, A 11.0597(13) 11.012(6)
c, A 5.5094(6) 5.490(2)
a, ° 102.883(9) 102.68(4)
B, ° 92.348(8) 92.43(3)
Y, © 92.597(9) 92.06(3)
N 359.87(7) 357.0(5)
VA 1 1
Strong lines 10.84-100 10.81-100
Of the X-ray 5.40-40 5.39-47
powder-
Diffraction 5.18-12 5.16-17
Pattern: 3.590-16 3.591-22
d, A-I, % 2.691-16 2.698-28
2.653-12 2.579-26
2.583-12 2.424-31
2.425-12 2.352-20
Strong bands of the 3588 3589
IR
Absorption 3546 3549
spectrum, em ' 3049 (broad) 3054 (broad)
1090 1092
785 783
669 668
616 618
495 495
Density (calc.), g 3.16 3.18
cm >
References this work Strandberg et al. 1995

medium, Z > Y > X; the mineral is bluish-green in all
sections but the intensity depends on orientation.

Chemical composition

Chemical data of kobyashevite were obtained using a Jeol
JSM-6480LV scanning electron microscope equipped with
the INCA-Energy 350 energy-dispersive spectrometer. An
operating voltage was 20 kV, a beam current was 1 nA, the
electron beam diameter was 5 um. The following standards
were used: CuFeS, (Cu, Fe) and ZnS (Zn, S).

The average of 4 analyses chemical composition of
kobyashevite (wt%, ranges are in parentheses) is: CuO
57.72 (56.7-58.4), ZnO 0.09 (0.0-0.2), FeO 0.28 (0.2—
0.4), SO3 23.52 (22.2-24.7), H,O (calc.) 18.39, total
100.00. The H,O content was assigned by difference; the
correctness of the value is clearly confirmed by the crystal
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Fig. 1 Morphology of
kobyashevite crystals and
aggregates, SEM (SE) images

structure refinement. Contents of other elements with atomic
numbers higher than 8 are below detection limits.

The empirical formula, calculated on the basis of 18 O
apfs, is: Cuy 96F€0.03Zn0,0152.0103.04(OH)s 96"4H,0. The sim-
plified formula is Cus(SO4)>(OH)¢4H,0O, which requires
CuO 58.15, SO; 23.41, H,O 18.44, total 100.00 wt.%.

The Gladstone-Dale compatibility index [1—(Ky/K)]
(Mandarino 1981) value is —0.014 (superior).

X-ray crystallography and crystal structure

X-ray powder-diffraction data for kobyashevite (Table 2)
were obtained with a STOE IPDS II single-crystal diffrac-
tometer equipped with an image plate detector (MoK«
radiation; the distance between sample and detector
200 mm) using the Gandolfi method. The X-ray powder
patterns of kobyashevite and synthetic Cus(SOy4),
(OH)¢4H,0O (Strandberg et al. 1995) are very close (Ta-
ble 1). The unit cell parameters of kobyashevite calculated
from the powder data are: a=6.08(4), b=11.07(8), ¢=5.51
HA, x=102.8(2)°, 3=92.4(2)°, v=92.5(2)°, V=360(2)A°.

Single-crystal X-ray studies of kobyashevite were carried
out using an Oxford Xcalibur S diffractometer equipped
with a CCD detector. The structure was solved by direct
methods and refined with the use of SHELX software pack-
age (Sheldrick 2008) to R=0.0399 for 1,218 unique reflec-
tions with />20(/). Absorption correction was applied
according to the shape of the crystal. Crystal data, data
collection information and structure refinement details are

given in Table 3, atom coordinates and equivalent isotropic
displacement parameters in Table 4, anisotropic displace-
ment parameters for all atoms except hydrogen in Table 5,
and selected interatomic distances in Table 6. All hydrogen
atoms were found during the refinement and their positions
were softly constrained by setting the O—H distances equal
to 0.90 A. The data on H-bonds are presented in Table 7.
Bond-valence sums are reported in Table 8. We have pre-
ferred direct methods for the solution of the kobyashevite
structure, in spite of the existence of the structure model for
its synthetic analogue (Strandberg et al. 1995), because of
wide diversity of related compounds demonstrating differ-
ences in fine structure details (see Discussion).

As our data show, in the structural aspect kobyashevite
and its synthetic analogue studied by Strandberg et al.
(1995) are almost identical. The structure of kobyasheite
(Fig. 2a) contains [Cu4(SO4)>(OH)g] corrugated layers
(Table 9) coplanar to ac. The constitution of each layer
is a cationic sheet formed by edge-connected Cu(l)—,
Cu(2)— and Cu(3)-centered octahedra (Fig. 2b). Isolated
octahedra [Cu(4)O,(H,0),4] link these layers. Two verti-
ces [O(6)] of each Cu(4)-centered octahedron are shared
with SO, tetrahedra, while the other four vertices [O(8)
and O(9)] are O atoms of H,O molecules. Cu(4)-cen-
tered octahedra show very strong Jahn-Teller distortion
and could be considered as elongated tetragonal dipyr-
amids: two Cu(4)—0(6) distances are significantly longer than
Cu(4)-0O(8) and Cu(4)-0(9) distances (Table 6). Thus, the
interlayer content in kobyashevite can be considered as Cu
(H,O)4 (Table 9). However it is worthy to note that the
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Table 2 X-ray powder diffraction data for kobyashevite

Table 3 Crystal data, data collection information and structure refine-
ment details for kobyashevite

Formula
Space group
Unit cell parameters (A/°)

V(A% z

F(000)

Density (calculated) (g/cm?)
o (mm™)

Crystal dimensions (mm?>)
Diffractometer
Temperature (K)
Radiation

0 range (°)

h,k,[ ranges

Total reflections measured

Unique reflections

Cus(504),(OH)s+4H,0

P1

a=6.0731(6) «=102.883(9)
b=11.0597(13) 3=92.348(8)
¢=5.5094(6) v=92.597(9)
359.87(7), 1

335

3.16

7.7

0.04x0.07x0.16

Oxford Xcalibur S CCD
293(2)

MoKa., A=0.71073 A
3.36-32.58
9<h<9,-16<k<16,-8<1<8
11,616

2,468 (R;,=0.0844)

Iobs  dopss A o ear®s hkl
100 10.84 100 10.764 010
40 5.399 43 5.382 020
12 5.178 12 5.158 110
4421 9 4.420 011
4.130 2,6 4.140, 4.125 1-20, 10-1
8 3.936 3,6 3.942,3.917 1-11, 120
16 3.590 18 3.588 030
8 3.358 8 3.352 03-1
4 3.174 5 3.166 1-30
1 3.067 1 3.079 1-2-1
3 2.961 2,1 2.959, 2.957 2-10, 1-31
3 2.910 3 2.901 121
4 2.761 5 2.752 01-2
16 2.691 9,8,2 2.699, 2.691, 2.682  20-1, 040, 002
12 2.653 1, 13 2.657, 2.650 04-1, 022
12 2.583 2,8,6 2.603, 2.580, 2.580  2-11, 201, 2-1-1
6 2474  2,51,1 2483,2476 2475, 2-21,22-1,012,
2.469 1-12
12 2.425 6,8, 1 2.426,2.425,2.415 03-2, 211, 131
8 2.355 11 2.353 2-2-1
2 2.259 1 2.260 13-2
9 2.204 5,7 2.210, 2.197 022, 221
7 2.160 10 2.158 04-2
4 2.093 5 2.094 2-3-1
5 2.029 6 2.027 2-41
4 1.959 1,3 1.958, 1.955 202, 231
2 1.899 3 1.901 05-2
3 1.850 4 1.848 2-4-1
3 1.797 3 1.794 060
4 1.733 2,6 1.738, 1.732 25-1, 241
1 1.685 1 1.691 103
1 1.673 3 1.676 06-2
1 1.632 2 1.633 2-5-1
3 1.588 3 1.587 22-3
5 1.539 3,4,1 1.540, 1.539, 1.538 261, 2-23,2-13
4 1.513 3,2 1.515, 1.512 400, 4-10
2 1.478 3,2 1.480, 1.473 4-20, 24-3

#Only reflections with I, > 1 are given; ® Calculated for unit cell
parameters obtained from single-crystal data

structure of kobyashevite can be considered as a combination
of brucite-like octahedral layers linked by trimers formed by 1
Cu-centered octahedron and 2 SO, tetrahedra.

Infrared spectroscopy

Kobyashevite powder was mixed with anhydrous KBr, pel-
letized, and analyzed using an ALPHA FTIR spectrometer

@ Springer

Structure solution direct methods

Refinement method full-matrix least-squares on F~
R1 for I>20(1) 0.0399

WR2 0.0656

Reflections used [/>20(/)] 1,218

Number of parameters refined 144

APrmins APmax (€/A%) —0.689, 0.581

GooF 0.815

(Bruker Optics) at the resolution of 4 cm™' and the number
of scans of 16. A pellet of pure KBr was used as a reference.

The IR spectrum of kobyashevite (Fig. 3) is different from
those of other natural copper sulfates but is almost identical to
the spectrum of its synthetic analogue (Table 1). Absorption
bands in the IR spectrum of kobyashevite and their assign-
ments are (cmfl; s—strong band, w—weak band, sh—shoul-
der): 3588, 3546, 3480w, 3455w (O—H stretching, weak
hydrogen bonds), 3230, 3049 s, 2945, 2540w (O-H stretch-
ing, strong hydrogen bonds), 1630 (H-O—H bending), 1090s
(asymmetric S—O stretching, degenerate mode), 989w (sym-
metric S-O stretching, non-degenerate mode), 945w, 785 s,
750sh (Cu--O-H bending), 669, 616 s (O—S—O bending), 512,
495, 458w, 436w, 419w (Cu---O stretching). Diffuse absorp-
tion in the range 500-800 cm ™' can be due to libration modes
of H,O molecules. Low intensity of the band of symmetric S—
O stretching vibrations reflects relatively small distortion of
SO, tetrahedra.

The wavenumbers of O-H stretching vibrations esti-
mated from D-A4 distances (Table 6) using the correlation
by Libowitzky (1999) are 3582, 3571, 3564 and
3461 ¢cm ' for OH groups and 3471, 3370, 3002 and
2604 for H,O molecules. The number of O—H-stretching
bands observed in the IR spectrum (8) coincides with the
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Table 4 Atom coordinates and isotropic displacement parameters (A?)
for kobyashevite

Atom  x/a vib z/c Ueq

Cul) 0 0 0 0.0147(2)
Cu2) 05 0 0 0.0153(2)
Cu(3)  0.75095(9)  —0.00256(6)  0.50483(11) 0.01379(14)
Cu(4) 05 0.5 0 0.0306(3)
S 0.82222(18)  0.27673(12)  0.2863(2) 0.0178(3)
o(1) 0.7350(5) —0.0911(3) 0.8362(6) 0.0148(7)
H(1) 0.713(7) —0.1710(14)  0.838(8) 0.014(7)*°
0(2) 0.5030(5) 0.0829(3) 0.7097(6) 0.0150(8)
H(2) 0.512(7) 0.1660(10)  0.744(8) 0.014(7)*°
0(03) 0.0089(5) 0.0791(3) 0.7108(5) 0.0133(7)
H@3)  —0.009(7) 0.1599(12)  0.758(8) 0.014(7)™
0(4) 0.7673(4) 0.1421(3) 0.2472(5) 0.0168(7)
0(5) 0.9675(5) 0.2970(3) 0.0928(6) 0.0277(8)
0O(6) 0.6184(5) 0.3422(4) 0.2754(6) 0.0313(9)
o(7) 0.9387(5) 0.3213(3) 0.5325(6) 0.0274(9)
0O(8) 0.2281(6) 0.4931(4) 0.1509(7) 0.0350(10)
H®1)  0.139(6) 0.424(2) 0.122(9) 0.026(15)*
H(82)  0.165(9) 0.555(4) 0.252(9) 0.09(3)*
009) 0.3910(5) 0.3624(4) 0.7086(7) 0.0248(9)
H(O1)  0.249(3) 0.365(6) 0.663(9) 0.052(19)*
H(92)  0.488(8) 0.390(6) 0.613(10) 0.09(3)*
*Ussol

® constrained to a common value during refinement

number of different hydrogen bonds. There are essential
discrepancies between estimated and observed wavenum-
bers in the range 3200-3500 cm '. Note that in the
correlation by Libowitzky (1999) the value of the D-
H--4 angle and the nature of cations coordinating the D
atom are not taken into account. In addition, it does not

Table 6 Seclected interatomic distances (A) in kobyashevite

Cu(1)-0(1) 1.936(3) x 2
~0(3) 1.983(3) x 2
~0(4) 2.393(3) x 2

Cu(3)-0(2) 1.955(3)
~0(3) 1.956(3)
~0(3) 2.015(3)
~0(2) 2.056(3)
~0(1) 2.259(3)
~0(4) 2.365(3)

Cu(2)-0(1) 1.923(3) x 2
~0(2) 2.014(3) x 2
~0(4) 2.365(3) x 2

Cu(4)-0(8) 1.885(3) x 2
~0(9) 2.016(4) x 2
~0(6) 2.659(3) x 2

S-0(5) 1.460(3)
~0(6) 1.468(3)
~0(4) 1.474(4)
~0(7) 1.477(3)

describe bands above 3592 cm™'. However based on this
correlation we can suppose that the bands in the ranges of
2540-3230 and 3455-3588 cm ' observed in the IR spec-
trum of kobyashevite correspond to H,O molecules and
OH groups, respectively. The band at 2540 cm™' can be
definitely assigned to the hydrogen bond O(8)-H(81) --O
(5) with the angle D-H--4 of 178° (Table 7) formed by
strongly polarized H(81)H(82)O(8) molecule.

Discussion

Kobyashevite is a devilline-group mineral. Other members
of this group and some related minerals (generally, more
than ten mineral species) show a structural similarity with
kobyashevite (Table 9; Figs. 4, 5). Niedermayrite, CdCuy
(S04)2(0OH)6"4H,0, campigliaite, MnCuy4(SOy4),
(OH)¢'4H,0, ktenasite, Zn(Cu,Zn)4(SO4)>(OH)s 6H,0,
aldridgeite (Cd,Ca)(Cu,Zn)4(SO4)2(OH)¢*3H,0, and

Table 5 Anisotropic displace-

ment parameters (A%) for Atom Un Uaz Uss Uas Uis Uiz

kobyashevite
Cu(l)  0.0104(4)  0.0232(6)  0.01054) 0.0039(4) 0.00133)  —0.0008(4)
Cu@)  00103(4)  0.02356)  0.0125() 0.0044(4) 0.0033(3) 0.0013(4)
Cu@)  0.00832)  0.0217(4)  0.01113) 0.0031(2) 0.0018(2) 0.0000(2)
Cu@d)  00229(5)  0.0261(6)  0.03556)  —0.0090(5) 0.0141(4)  —0.0078(4)
S 0.0181(6)  0.0150(7)  0.0197(6) 0.0019(5) 0.0051(5) 0.0012(5)
o(l)  00137(15)  0.0162)  0.0152(17) 0.0051(15) 0.0005(13)  —0.0001(15)
02)  00143(16)  0.018(2) 0.0133(17) 0.0040(16)  —0.0001(13)  —0.0004(16)
03)  00102(15)  0.015Q2) 0.0134(17) 0.0004(15) 0.0017(13) 0.0006(15)
04 0015215  00152)  0.0210(18)  0.0049(15) 0.0028(13) 0.0008(15)
0()  0033419)  00232)  0.0260(19)  0.0030(16) 0.0188(16)  —0.0046(17)
0(6)  0.0285(19)  0.0293)  0.039Q2) 0.0101(19) 0.0093(16) 0.0134(18)
o(7)  00253(18)  0.0302)  0.0217(18)  —0.0064(16) 0.0011(15) 0.0039(17)
08)  0.0272) 0.0202)  0.051(3) ~0.007(2) 0.0217(18)  —0.0081(18)
009)  00149(18)  0.0292)  0.028(2) 0.0010(17) 0.0075(16)  —0.0029(17)
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Table 7 Hydrogen bonds in kobyashevite (D—donor, 4—acceptor)

D-H d(D-H), A D-H--A d(D-4), A L(D-H--A)° H-D-H L(H-D-H)°
O(1)-H(1) 0.890(10) O(1)-H(1)...0(5)a 3.052(5) 120(3)
0(2)-H(2) 0.894(10) 0(2)-H(2)...0(9) 3.196(5) 154(4)
0(3)-H(3) 0.887(10) O(3)-H(3)...0(5)b 2.853(5) 139(4)

O(3)-H(3)...0(7)c 3.093(5) 133(3)
O(8)-H(81) 0.901(10) O(8)-H(81)...0(5)c 2.578(5) 175(5) H(81)-O(8)-H(82) 110(5)
O(8)-H(82) 0.894(10) O(8)-H(82)...0(7)d 2.649(5) 175(6)
O(9)-H(O1) 0.892(10) O(9)-H(O1)...0(7)c 2.858(4) 164(6) H(91)-0(9)-H(92) 115(5)
0(9)-H(92) 0.895(10) 0(9)-H(92)...0(6) 2.777(4) 141(6)

a —x+2, -y, —z+1; b x—1,y, z+1; ¢ x—1, y, z; d —x+1, =y+1, —z+1

O-H distances are in the ranges of standard values for X-ray diffraction experiment

Table 8 Bond order calculations for kobyashevite. Parameters taken from Brese and O’Keeffe (1991) and Ferraris and Ivaldi (1988)

Cu(1) Cu(2) Cu(3) Cu(4) S 2 H-bonds contribution Ziotal
o(1) 0.50 * 0.52 <% 0.21 1.23 -0.12(0(5)) 1.11
0(2) 0.40 % 0.47 0.36 1.23 —0.10(0(9)) 1.13
0(3) 0.44 *% 0.47 0.40 131 —0.17(0(5))-0.11(0(7)) 1.03
0(4) 0.14 *% 0.16 % 0.16 1.50 1.96 1.96
0(5) 1.56 1.56 +0.12(0(1)) +0.17(0(3)) +0.30(0(8)) 2.15
0(6) 0.07 *% 1.52 1.59 +0.19(0(9)) 1.78
o(7) 1.49 1.49 +0.11(0(3)) +0.25(0(8)) +0.16(0(9)) 2.01
0(8) 0.57 % 0.57 —0.30(0(5))-0.25(0(7)) 0.02
0(9) 0.40 2 0.40 +0.10(0(2))-0.16(0(7))-0.19(0(6)) 0.15
by 2.16 2.16 2.07 2.08 6.07

Fig. 2 Crystal structure of
kobyashevite: a general view
isolated coordination figures
around the Cu(4) atoms
[CuO,(H,0),] linking
[Cu,y(OH);S04] layers are well
visible and the unit cell is
shown (H atoms are small black
circles); b cationic sheet formed
by the edge-connected coordi-
nation polyhedra around the
atoms Cu(1), Cu(2) and Cu(3)
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Fig. 3 1R spectrum of kobyashevite

dimorphous serpierite and devilline, CaCuy4(SO4),(OH)g
‘3H,0, contain the same [Cuy(SO4)>(OH)g] corrugated
layers and differ from kobyashevite only in the type of
cation occupying the interlayer site [the Cu(4) site] and, in
some cases, in the number of H,O molecules in the inter-
layer space. The list of related natural sulfates can be ex-
tended to lautenthalite, PbCu4(SO4),(OH)s'3H,0, and
orthoserpierite, CaCuy4(S0O4)>(OH)s3H,0, as well as to
christelite, Zn3Cu»(SO4),(OH)s4H,0, a mineral showing
Cu,Zn-ordering in the corrugated layer (Cu,Zn,(SO4),
(OH)¢) (for references see Table 9). According to

Pushcharovsky et al. (1998), the structural formula of this
layer in kobyashevite and related copper sulfates can be
presented as: %,,[Cu®4S,05(OH)].

For clear comparison with all these minerals, the ideal-
ized structural formula of kobyashevite can be written as
CUCU4(SO4)2(OH)6'4H20 [OI' iCulCu4(SO4)2(OH)6'4H20
where ‘Cu occupies the interlayer site Cu(4) while ‘Cu atoms
are located in Cuy(SO4),(OH)g layers, in the Cu(l), Cu(2)
and Cu(3) sites]. All these minerals have the same ratios Me:
SO,4:(OH) = 5:2:6.

The linear trimers formed by 1 Me octahedron and 2 SO,
tetrahedra, like those in kobyashevite, are typical for numer-
ous sulfates, e.g. blodite, Na,Mg(SOy),°4H,0, in which
Me=Mg (Pushcharovsky et al. 1998).

Some natural copper sulfates without an interlayer cation
site are also structurally related to the above mentioned
minerals. Those are posnjakite, Cus(SO4)(OH)¢'H,O, and
dimorphous wroewolfeite and langite, Cuy(SO4)(OH)g¢
2H,0. They contain the layer [Cuy(SO4)(OH)s(H,O)] in-
stead of [Cuy(SO4)>(OH)e] (Table 9). In the structures of
wroewolfeite, langite and posnjakite, SO, tetrahedra are
attached to one side of the sheet formed by Cu-centered
octahedra (Hawthorne and Groat 1985), rather than both
sides as in the structures of serpierite, devilline, ktenasite,
campigliaite, christelite, niedermayrite and kobyashevite.

Fig. 4 Crystal structures of kobyashevite (a), niedermayrite (b), cam-
pigliate (c), ktenasite (d), serpierite (e), devilline (f), and christelite (g).
Cu-centered polyhedra [(Cu,Zn) in d and e and (Zn,Cu) in g] are light-

@ Springer

grey, SOy tetrahedra are black. Large black circles mark the positions
of O atoms of H,O molecules, small black circles are H atoms. For
references see Table 9
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Fig. 5 Crystal structures of wroewolfeite (a), langite (b), posnjakite (c), botallackite (d), and belloite (e). Legend is the same as in Fig. 4. For

references see text and Table 9

Similar sheets consisting of Cu polyhedra were described in
chloro-hydroxide minerals belloite, Cu(OH)CI (Effenberger
1984; Schliiter et al. 2000), and botallackite, Cu,(OH);Cl
(Hawthorne 1985). Tetrahedral anions are absent in their struc-
tures and adjacent Cu layers are bonded with H-bonds.

All above-listed minerals contain complex layers with the
general formula written by Hawthorne and Groat (1985) as
[M4X,ps.,] in which M = octahedrally coordinated cations,
X = tetrahedral anions SO,> and @ =0, OH, H,O. In this
formula, n=2 for kobyashevite and other minerals with SO,
tetrahedra attached to both sides of the cationic (M) sheet
(Fig. 4), n=1 for wroewolfeite, langite, and posnjakite and
n=0 for belloite and botallackite (Fig. 5).
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