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ABSTRACT

A new silicate, colinowensite, BaCuSi,Og, has been found in the Wessels mine, Kalahari Manganese Field,
South Africa. It is associated with effenbergerite, wesselsite, lavinskyite, scottyite, diegogattaite, as well as
with pectolite, quartz, aegirine, richterite, minerals of the garnet group and a number of different manganese
and iron oxides, especially hausmannite and hematite. The mineral was named for the mineral collector and
finder of the new species, Colin R. Owens, of Somerset West, South Africa. Colinowensite is brittle, with
uneven fracture, and the estimated Mohs hardness is ~4. It occurs as subhedral crystals <100 um in size. The
forms {100} and {110} are observed while {001} is always present in cleavage plates. The calculated density
is 4.236 g cm . It is the natural analogue of the synthetic pigment referred to as Chinese or Han purple, which
is found on artifacts from ancient and imperial China. The mineral is of dark blue to purple colour, with a
purple streak, and is uniaxial (—), with = 1.740 (20), £ = 1.735 (20) (420 nm) and o = 1.745 (20), € = 1.730
(20) (650 nm). The lustre is vitreous and no fluorescence is observed under either shortwave or longwave
ultraviolet radiation. A very strong pleochroism occurs from purple along the ¢ axis to blue in a perpendicular
direction. Colinowensite is not soluble in acids except HE. Electron microprobe analyses gave an average
composition (Wt.%) of CuO 22.53, BaO 43.43 and SiO, 34.04 yielding the empirical formula (based on 6 O a.
p.fu.) BaCuSi,Og. The new mineral is tetragonal, space group /4,/acd with Z= 16, and a =9.967(1), ¢ =22.290
(2) A. Colinowensite is a cyclosilicate with [Si;0;,]® 4-membered single rings, arranged in sheets parallel
to (001). The structure is further characterized by CuO,4 squares sharing corners with four neighbouring
silicate rings within a sheet. Ba>" cations are bonded to ten O atoms in irregular coordination. Average Si—O,
Cu-O and Ba-O bond lengths are 1.619, 1.934 and 2.943 A, respectively. Colinowensite belongs to
subdivision 9. CE of the Strunz Mineralogical Tables. In addition, based on single-crystal X-ray work, new
structural data for wesselsite of chemical composition Srj ¢Bag ;CuSizO4( are provided.

Kevyworbps: Colinowensite, BaCuSi,Og4, new mineral, Wessels Mine, Kalahari Manganese Field, South Africa,
wesselsite, SrCuSi;O.

Introduction and Beukes (2013). Over the last two decades, the
mineralogy of this deposit has been subject to

THE Kalahari Manganese Field, South Africa, is several studies at our Institute, resulting in the
well known for the occurrence of a large number of description of the new mineral species effenber-
mineral species. A comprehensive description of gerite, BaCuSiyO,o (Giester and Rieck, 1994),
the so far 161 minerals — 19 of which having their wesselsite, StCuSi, 0, (Giester and Rieck, 1996)
type locality in the region — is given by Cairncross and  cairncrossite,  Sr;Ca; Nasy(SizO;0)4(OH),:

(H,0)5. (with x ~0-1) (Giester et al., 2016).
Recently, two samples from the Wessels Mine,
* E-mail: gerald.giester@univie.ac.at provided by the mineral collector C.R. Owen, were
DOLI: 10.1180/minmag.2015.079.7.04 found to contain small grains of a mineral phase
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FiG. 1. Dark blue (with a purplish sheen) colinowensite  FiG. 2. Hand specimen of blue wesselsite. Field of view =
(marked red) with bright blue effenbergerite and blue- 8 cm.
green scottyite with pectolite in a matrix of sugilite,

braunite and hausmannite.

that — while being similar in some respects —
differed in their physical appearance from
gillespite-group minerals effenbergerite/wesselsite
also present on the specimens (Fig. 1). Energy-
dispersive X-ray spectroscopy (EDX) analyses and
preliminary single-crystal X-ray diffraction (XRD)
analyses revealed the first occurrence of the
synthetically well-known compound BaCuSi,Og.
In the literature three different space groups have
been proposed for synthetic BaCuSi,Og. The first
description of the crystal structure was presented by
Finger et al. (1989) who suggested [4m2 (Z=4,a =
7.042(3), ¢=11.133(3) A). The same authors
alternatively proposed /4/mmm but considered
this solution worse because of large displacement
parameters for the oxygen atoms. Basically the
same centrosymmetric solution was reported by
Janczak and Kubiak (1992). Finally, a further,
improved structure model was proposed by Sparta
and Roth (2004) for BaCuSi,O¢ at room tempera-
ture with a larger unit cell in space group /4,/acd
with Z = 16 and a = 10.009(2), ¢ = 22.467(6) A.
This unit cell is characterized by a rotation of 45°
along the ¢ axis resulting in a lattice parameter
a = A(Finger) X \/2 and by C = C(Finger) x2. Our
investigations on colinowensite as well as recent
studies on the synthetic pigment BaCuSi,Og4 (Chen
et al., 2014) confirmed the cell choice, space group
and crystal structure at ambient conditions
presented by Sparta and Roth (2004). These
authors have also shown that BaCuSi,O4 under-
goes a phase transition at high temperature (610 K)
when superstructure reflections disappear and a
structure model in space group /4/mmm with Z = 4
is obtained. The mineral is named for Colin
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R. Owens, Somerset West, South Africa (born in
Rusape, Zimbabwe, on January 6™ 1937), who
brought the specimens to our attention and provided
the samples for deposition. The mineral and its
name have been approved by the IMA Commission
on New Minerals, Nomenclature and Classification
(IMA 2012-060, Rieck, 2013). Type material is
deposited in the collection of the Institut fiir
Mineralogie und Kristallographie, University of
Vienna, Austria, catalogue number HS13.097.

In late 2011 and in Spring 2012 two spectacular
finds of wesselsite, SrCuSi,O, (Fig. 2), were made
in the Wessels Mine (C.R. Owen, pers. comm.) and
the material started to become obtainable on the
market by early 2012 through some South African
mineral dealers. One of the authors (B.R.) was
contacted by Mr Owen with samples to characterize
the minerals of the wesselsite—effenbergerite solid
solution. The results of these analyses encouraged
us to complete the description of wesselsite as well
as to compare structural details with those of the
synthetic analogues. Thus, a high-quality X-ray
structure refinement of single crystals taken from
the new material is also included in the present
study. Wesselsite belongs to the gillespite type of
compounds, a group of minerals and synthetic
representatives of general formula 4BSi O,y with
A=Ca, Sr, Ba and B=Cr, Fe, Cu. The crystal
structure type was first described by Pabst (1943,
1959).  Structure refinements on  synthetic
SrCuSi,0,¢ were done by Rietveld analysis of
neutron powder diffraction data (Chakoumakos
et al, 1993; Knight et al., 2010). The first
description of wesselsite (Giester and Rieck,
1996), had been based on powder XRD data due
to the lack of appropriate single crystals. From EDX
analyses of 111 samples it was evident that a solid
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solution series between wesselsite and effenber-
gerite exits with substitutions of Sr by Ba up to
50 mol.%. Studies of synthetic Sr;_Ba,CuSi O,
members (Knight and Henderson, 2007; Knight
et al, 2010) proved complete miscibility in the
wesselsite—effenbergerite solid solution series.

Occurrence and paragenesis

The two samples (2 cm x 2 cm x 2 cm and 2 cm X
3 cm X 5 cm in size) containing colinowensite
originate from the central-eastern orebody of the
Wessels Mine, located in the Kalahari Manganese
Field, Northern Cape Province, South Africa. Both
specimens contain a subset of the typical paragenesis
of barium-, strontium- and copper-bearing minerals
(effenbergerite; wesselsite; lavinskyite, K(LiCu)
Cuy(Si4011)-(OH), Yang et al. 2014; scottyite,
BaCu,Si,0; Yang er al. 2013; diegogattaite,
Na2CaCuZSi8020'H20 Rumsey et al. 2013) in
close association with Cu-, Ba- and Sr-bearing
pectolite, quartz, aegirine, richterite, minerals of the
garnet group and a number of different manganese
and iron oxides, hausmannite and hematite
being dominant. Abundant members of the effenber-
gerite—wesselsite solid solution series are present in
both specimens. However, the chemistry of these
minerals differs significantly between the two
specimens; crystals on the smaller specimen are
commonly close to a composition of EfgoWe,( while
those on the other specimen often yielded EfsWeos,
indicating a different locality within an orebody
characterized by local geochemical effects with
respect to the Ba- and Sr-distribution. The formation
of different Ba/Sr mineral species is a result of phase
stability in the micro-environments that developed
during the Wessels event (J. Gutzmer, pers. comm.,
2012). We note that sugilite, which is generally
found in the same paragenesis, is almost completely
absent on these specimens.

Physical and optical properties

Crystals of colinowensite are subhedral with
maximum dimensions of 100 pm x 100 pm x
50 um while most do not exceed 50 um in any
direction. Rarely the forms {100} and {110} are
observed while {001} is always present on cleavages
plates. Cleavage is very good, but less perfect than for
effenbergerite. Colinowensite is brittle, with an
uneven fracture, and an estimated Mohs hardness of
~4. The density was established by micropycnometry
to be 4.20(5) g cm >, which is in surprisingly good
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agreement with the calculated value of 4.236 g cm™
based on the idealized chemical formula and lattice
parameters. The largest crystals appear dark blue
while those smaller than 40 pm are distinctively
purple; the streak is purple. Because of its intense
colour, the synthetic pigment, known as Chinese or
Han purple, was used in ancient and imperial China
from the Western Zhou period (1045 — 771 BC) until
the end of the Han dynasty (206 BC — 220 AD)
(Berke, 2007; Liu et al., 2007; Chen et al., 2014;
Xia et al., 2014). Colinowensite shows very intense
absorption in the range 450 — 620 nm, rendering the
samples almost opaque. Optical measurements in this
range lack any confidence. Below and above this range
they are, although difficult, feasible, albeit with a
relatively large estimated error. Colinowensite is
uniaxial (-) negative, with @ = 1.740 (20), € =
1.735(20) (420 nm) and o = 1.745 (20), € = 1.730(20)
(650 nm), determined on a spindle stage. The lustre is
vitreous and no fluorescence was observed under
either shortwave or longwave ultraviolet radiation.
Very strong pleochroism from purple (RGB
224,1,245, measured as the average pixel colour as
detected by the sensor of a NIKON D7000 camera)
along the ¢ axis, to blue (RGB 22,0,82) in the
perpendicular direction is noted. Chen ez al. (2014)
characterized the synthetic pigment BaCuSi,O4 by
powder XRD techniques, infrared spectroscopy, X-ray
photoelectron spectroscopy, energy dispersive spec-
troscopy, luminance and magnetic measurements.
Calculation of the Gladstone-Dale relationship using
the constants of Mandarino (1981) yields good
(-0.058 for 420 nm) and fair (—0.061 for 650 nm)
compatibility. These suboptimal results are explained
by the optical behaviour of colinowensite.

Chemical composition

The chemical composition of colinowensite was
established with an automated JEOL JXA-8230
SuperProbe with five integrated dual-crystal wave-
length dispersive spectrometers and an energy disper-
sive detector. The measurements (20 kV, 20 nA, ~6 um
beam diameter) were taken on five fragments, four
spots each, at the Austrian Armed Forces ChemLab, as
well as the CID (Laboratory of the Criminal
Investigation Department of the Ministry of Interior,
Austria). Colinowensite is stoichiometrically pure with
no minor elements >100 ppm present. Probe standards
used were CuO, BaSO, and SiO,. The results
(Wt.%) are CuO 22.53 (22.09-22.98), BaO 43.43
(42.58-44.29) and SiO, 34.04 (33.71-34.37). This
yields the empirical formula (based on 6 O atoms per
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TABLE 1. Crystal data and details of the intensity measurement and structure refinement for colinowensite and

wesselsite.
Crystal Data colinowensite wesselsite
Formula BaCuSi206 SrolgBao'ICuSi‘tO]O
Space group 14,/acd P4/ncc
a(A) 9.967(1) 7.374(1)
c(A) 22.290(2) 15.636(2)
V(A% 2214.3(5) 850.2(3)
VA 16 4
Peale (g cm ™) 4.236 3.347
X-ray radiation MoKo MoKo
Absorption coefficient, p (mm™) 11.3 9.22
Data collection and Refinement
Unique data 1751 1345
Data with F, > 46(F,) 1379 989
No. variables 48 41
Ry [for Fy > 40(F,)] 0.021 0.056
WR, [for all F2] 0.051 0.091
a, b’ 0.021, 4.15 0.0086, 7.28
APrmin/max (€ A7) -1.03/1.14 -1.52/2.24

R\=XF,—F,/LF,;wRy=[EW(F,2 —F.2)? | Zw(F,2\]" w=1/[c*(F,?) + (axPy+ bxP]; P= {[max of (0 or F, )] + 2F,>}/3.

formula lll'llt) Bal'oocul‘oosiz'ooo(, or BaCuSizO(,‘
Colinowensite is not soluble in acids except HE. The
investigated sample of wesselsite was analysed and the
empirical formula is  Sryg9Bag 10Cuy 00Si4.00010-
Calcium contents like those found in some crystals
in previous work (Giester and Rieck, 1996) were
not detected.

X-ray crystallography

Selected crystal fragments of colinowensite and
wesselsite were studied on a Bruker APEXII
diffractometer equipped with a CCD area detector
and an Incoatec Microfocus Source IpuS (30 W,
multilayer mirror, MoKo radiation). Several sets of
phi- and omega-scans with 2° scanwidths were
measured up to 80°20 (full sphere) at room
temperature at crystal-detector distances of 35 mm
(colinowensite) and 30 mm (wesselsite). The sample
of colinowensite turned out to consist of several
intergrown fragments with random orientation, but
the intensities of the major component could be
integrated satisfactorily. Absorption was corrected
by evaluation of multi-scans. The atom coordinates
given by Sparta and Roth (2004) and by Giester and
Rieck (1994) were taken as starting sets for
colinowensite and  wesselsite,  respectively.
Refinements by full-matrix least-squares techniques
on F2 were performed with the program SHELXL-97
(Sheldrick, 2008). Anisotropic  displacement
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parameters for all atoms were applied. A compilation
of crystal data and details of measurements and
refinements are given in Table 1. Final structure
parameters are listed in Table 2 and selected
interatomic bond distances and angles in Table 3.

The powder XRD pattern of colinowensite was
determined using a Philips X’Pert diffractometer
equipped with CuKo radiation and a graphite
monochromator. Data, collected at 40 kV and
40 mA in the range 7-90°26, with 0.01° s™' scanning
speed are given in Table 4. Unit-cell parameters
refined from the powder data are a =9.9762(4), ¢ =
22.320009) A, V=2221.42) A’ The c:a ratio
calculated from the unit-cell parameters is 2.237. A
Rietveld refinement yielded no major differences as
compared to the results of the single-crystal structure
refinement for colinowensite.

Discussion

Colinowensite

Colinowensite is a cyclosilicate with unbranched,
isolated [Si40;,]®>" 4-membered single rings of
twofold rotation symmetry (Fig. 3a). The copper
atoms show almost square planar coordination (Fig. 4)
linking the [Si4O;,]®" rings together along (001). The
Cu—Cu distance of two neighbouring squares amounts
to 2.73 A. The large barium atoms are 10-coordinate
(Fig. 5) to five different pairs of oxygen ligands with

https://doi.org/10.1180/minmag.2015.079.7.04 Published online by Cambridge University Press


https://doi.org/10.1180/minmag.2015.079.7.04

COLINOWENSITE AND WESSELSITE

(£)560°0 Bd (£)506°0 IS :Aouednoso ayis pouyay,

(8)2200°0 (6)1900°0— (6)L0000—  (zD18z00 (0189000  (ODYIT00 (©rs100  (L1)98980°0 (£)9L10°0 (£)s89¢0 €O
(8)€200°0— (8)¥0000—  (01EF00°0 (tDozzoo  (zDveroo (0105000 (9)LsT00  (SDYEIET O (#)5000'T (©6r1L0  TO
(61)85000—  (€D¥600°0 (€Dr6000—  (ODI6100  (sD9gco0  (SD9cco0 (0128200 ST0 (PIYL960 MrLoro 10
(£)5000°0— (©)+100°0 (€)L000°0—~ (9)1€10°0 (£)1L00°0 (£)€9000  (LD¥88000 (9501510 (21L6TE60  (TISO0TS 0 1S
0 0 0 (©)87100 (610959000 (61959000  (S1TE6000  ($)6L880°0 ST0 sTo
0 0 0 (@z1100  (OD6EI100  (9D6EIT00  (EDEETTO0 0 SL'O STO IS
OTorisn) e 0rg oys[assopm
($)8000°0 #)1100°0 ($)zr00°0 (9)8110°0 ($)6510°0 (#)LL00"0O (@©81100  (9LL¥900  ($1)8608L°0  (TI)S6LOEO €O
(#)9L00°0— (9)€+00°0— ($)or00°0 (9)£720°0 ($)8210°0 (Sre100 @19100 (176580  ($1)€98L8°0  (P1)EETLED  TO
($)9000°0 (20070~ ($)8+00°0— (9)0€10°0 ($)L910°0 #1000 (@Dcz100 (9655180 ($1)9602L0  (21LTI6I0 1O
(TD10000- (81200000  (ZDYL0000—  (61)¥9600°0  (L1)89500°0  (SDT9000  (8)499000  (£)67SL8'0  (WTIISL'0  (S)S8SLTO 1S
(£)02000°0 0 0 (TDSP8000  (ZDLLY000  (210S9000  (9¥TL000  (DTLEYD O ST0 0
0 (£)00200°0— 0 (156000  (9)L10100 (9810100  (#)96600°0 S0 (2158860 STo0 eg
904sn)Heg 2ISU2MOUI[0)

Nﬂb Qb mmb mmb Nmb :b co\oﬂb D\N Q\\ﬂ G\R

(¢ @d10yd wISLIo O¢| "ON dnois aoeds) apsjessom ut €0 ‘7O IS 10§ (591) [ pue ‘1O 10§ (/8) T N 10} (O) ¥
IS 10} (q4)1 pue (Z 9910yd uI3Lo ‘g4 [ "oN dnoid aoeds) ajisuamour[oo ur ¢O—10 ‘IS 10} (7€) [ pue ‘n) 10J (p9[) T ‘ed 10} (291) 7 a1e (sasaypuared ur suonisod
JONRAM YiIm) sornowtuks )i 0tQrIgn) ! dego g ajisjessom pue 2QISn)ed AISueMour[od Joj () siojowered judtooe[dsIp pue sojeurpIood Woyy ‘g A1aVL

1773

https://doi.org/10.1180/minmag.2015.079.7.04 Published online by Cambridge University Press


https://doi.org/10.1180/minmag.2015.079.7.04

B. RIECK ETAL.

TaBLE 3. Selected interatomic bond distances [A] and angles (°) for
colinowensite, BaCuSi,Og and wesselsite, Srg 9Bag ;CuSizO.

BaCuSi,0q4 Srg 9Bag ;CuSizOqp

Ba-O1 2% 2.685(1) Sr—-03 4% 2.550(3)
Ba-03 2x 2.774(1) Sr-02 4x 2.769(3)
Ba-02 2% 2.934(1) <Sr-O> 2.660
Ba-03 2% 3.103(1)

Ba-O1 2% 3.219(1)

<Ba-0> 2.943

Cu-0l1 2x - 1.929(1) Cu-03 4x1.924(3)
Cu-02 2x 1.939(1)

<Cu-O> 1.934

Si-03 1x  1.603(1) Si-03 1x  1.580(3)
Si-0l1 1x  1.604(1) Si-O1 Ix  1.600(1)
Si-02 Ix  1.633(1) Si-02 1x  1.623(2)
Si-02 Ix  1.635(1) Si-02 Ix  1.632(2)
<Si-O> 1.619 <Si-O> 1.619
O1-Si-02  1x 105.85(8) 01-Si-02 Ix  108.43(18)
O1-Si-02  1x 109.52(8) 01-Si-02 Ix  109.46(16)
O1-Si-03  1x 116.90(7) 01-Si-03 Ix  114.78(12)
02-Si-02  1x 108.32(11) 02-Si-02 I1x  108.28(21)
02-Si-03  1x  110.18(8) 02-Si-03 Ix  111.72(14)
02-Si-03  1x  105.84(8) 02-Si-03 Ix  103.93(14)
<O-Si-O> 109.43 <0-Si-O0> 109.43

distances in the range 2.68-3.22 A. For a comparison
with the high-temperature structure of BaCuSi,Oy see
Sparta and Roth (2004). Colinowensite represents a
unique structure type. Several other minerals with this
type of unbranched 4-membered silicate rings are
known, e.g. papagoite, verplanckite, baotite and
representatives of the taramellite-, joaquinite- and the
nenadkevichite-komarovite groups (subdivision 9.CE
of the Strunz Mineralogical Tables; Strunz and Nickel,
2001). As examples, Fig. 6a illustrates a structure
detail of taramellite, emphasizing the arrangement of
the [Si;O,,]% rings linked to MO, (M=Fe**, Ti*")
octahedra. The M—M distance of two neighbouring M
cations is 3.17 A. In Fig. 6b a part of the structure of
byelorussite-(Ce), a representative of the joaquinite
group, is shown. Unbranched single 4-membered
rings [Si4O1,]% are also found in some synthetic
compounds, e.g. in K;Sc,[Si401,](OH), (Pyatenko
et al, 1979) and Na,BaNd,[Si;O,][COs]
(Malinovskii, 1983).

Wesselsite

The crystal structure of wesselsite, SrCuSi;O, is
characterized by 4-membered rings of SiOy4
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tetrahedra, [Si4O,0]*", which are further connected
into infinite sheets (Fig. 3b) parallel to (001). Copper
atoms in nearly planar square coordination are
attached on both sides of the sheets. Adjacent
layers are linked together by the strontium atoms in
distorted square-antiprismatic coordination. For a
detailed description of the topology of gillespite-
type structures the reader is referred to Miletich ez al.
(1997) and Knight et al. (2010). The latter authors
explicitly discuss structure variations within the
wesselsite—effenbergerite (Sr;_,Ba,CuSizO,) solid
solution series in terms of lattice parameters, unit-
cell volume, bond lengths and angles, and rotation of
building units. Based both on microprobe data and
refined site occupancy, the composition of wesselsite
in the present study is close to SryoBag ;CuSizO1g.
Respective structure details fit perfectly to these
observations, Fig. 7 shows as an example the
compositional dependence of the unit-cell volume.

Conclusions

The present paper describes colinowensite,
BaCuSi,Og, a new barium copper silicate from the
Wessels mine, Kalahari Manganese Field, South
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FiG. 3. Single sheets of colinowensite () and wesselsite

(b) projected along [001]. Silicate rings are shown in

yellow, CuQO, squares in red and Ba/Sr atoms indicated as

dark/light blue spheres. All crystal structure drawings
were done with ATOMS (Dowty, 2011).

FiG. 4. Arrangement of CuO, squares in colinowensite
projected along [001] (upper) and [100] (lower). SiO4
tetrahedra are shown in yellow and CuO, squares in red.

322

FiG. 5. Irregular 10-coordination of the Ba atom in

colinowensite projected along [001] with Ba—O distances

[A]. The site symmetry for Ba (with Wyckoff position in
parentheses) is 2 (16e).
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TaBLE 4. Powder XRD data for colinowensite,

BaCuSi,O. TABLE 4. (contd.)

Irel dobs. dealc. h k / Irel dobs. dcalc. h k /
31 5.577 5.573 0 0 4 2 1.281 1.278 4 4 12
30 4.997 4.983 0 2 0 3 1.249 1.246 0 8 0
31 4.560 4.549 0 2 2 1 1.238 1.234 1 8 1

2 3.831 3.822 1 2 3 1 1.219 1.216 0 8 4
7 3.722 3.715 0 2 4 7 1.218 1.216 0 4 16
70 3.533 3.524 2 2 0 1 1.205 1.202 2 8 2
5 3.158 3.152 1 2 5 6 1.204 1.202 2 6 12
100 2.985 2.978 2 2 4 2 1.178 1.175 6 6 0
9 2.983 2.979 0 2 6 1 1.177 1.175 4 6 10
4 2.789 2.787 0 0 8 2 1.152 1.149 6 6 4
1 2.751 2.743 2 3 1 1 1.140 1.137 0 8 8
57 2.499 2.492 0 4 0 3 1.117 1.114 4 8 0
3 2.410 2.403 1 4 1 2 1.096 1.093 4 8 4
1 2.354 2.349 2 3 5 4 1.095 1.093 4 4 16
1 2.305 2.2996 1 4 3
23 2.280 2.275 0 4 4 . .
2 2235 2929 2 4 o The strongest lines are shown in bold.
8 2.191 2.185 2 4 2
5 2.189 2.186 2 2 8
2 2.074 2.069 2 4 4
3 2.037 2.035 0 2 10
1 1.991 1.985 3 4 1
1 1.930 1.925 1 4 7
4 1.915 1.911 2 4 6
3 1.861 1.857 0 4 8
3 1.859 1.858 0 0 12
1 1.847 1.845 1 2 11
19 1.767 1.762 4 4 0
1 1.733 1.730 1 4 9
1 1.693 1.690 3 4 7
5 1.684 1.6798 4 4 4
1 1.647 1.643 0 6 2
13 1.645 1.643 2 2 12
13 1.580 1.576 2 6 0
2 1.579 1.576 2 4 10
1 1.542 1.538 1 6 5
16 1.520 1.516 2 6 4
1 1.520 1.516 0 6 6
1 1.518 1.517 0 2 14
3 1.492 1.489 4 4 8
5 1.492 1.489 0 4 12
1 1.461 1.457 3 6 3
1 1.413 1.410 3 6 5
4 1.394 1.393 0 0 16
1 1.375 1.372 4 6 2
1 1.375 1.372 2 6 8
1 1.343 1.342 0 2 16
1 1.335 1.332 0 6 10
1 1.299 1.295 4 6 6
1 1.297 1.296 2 4 14
4 1.297 1.296 2 2 16
(continued)
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COLINOWENSITE AND WESSELSITE

FIG. 6. Structure detail of (@) taramellite (Mazzi and Rossi,

1980) projected along [100] and of (b) byelorussite-(Ce)

(Zubkova et al., 2004). Silicate rings are shown in yellow,

M-Og bonds in red and Ba atoms are indicated as spheres
with different shades of blue-purple.

Africa, as well as providing additional data for
wesselsite, SrCuSi4O,(. These minerals occur in an
assemblage closely associated with effenbergerite,
BaCuSi40; and scottyite, BaCu,Si,O5. It is worth
noting that complete solid solution has been observed
for the synthetic compounds and also to some extent
for natural samples between wesselsite and effenber-
gerite. Contrary to this, in colinowensite and scottyite
no significant substitution of barium by strontium
was found and no isotypic strontium copper silicates
are known. Yang et al. (2013) have pointed out that
replacement of larger Ba®>" by smaller Sr** ions in
scottyite potentially would worsen the bonding

8901

880

8701

860

Unit-Cell Volume A3

850 1

840 4

Mol.% Ba
FiG. 7. Unit-cell volumes in the wesselsite-effenbergerite
solid solution series [modified after Knight ez al., 2010] in
addition to values taken from the original description
(Giester and Rieck, 1996: green rhomb) and the present
study (red circle).

energetics for these sites (by narrowing of the
Si-O-Si angles in the Si,O; groups) and thus
might destabilize the entire structure.
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