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This paper presents description of eleven phases - probably new mineral species - from Knlsno - Horn! Slavkov, western Bohemia, Czech
Republic. The phases characterized are mainly supergene phosphates. All up-to-now available physical and chemical data for individual
phases and references to appropriate literature are given.
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Introduction

In the course of the prolonged study of mineralization in
the Horni Slavkov - Knisno ore district, presented in this
issue of the Journal (Beran - Sejkora, 2006; Phisil et al.
2006; Sejkora et al. 2006a, b, c), eleven new mineral
phases have been encountered. This contribution presents
the results of study of these phases.

The potentially new minerals are designated by sym
bols UNKI to UNKll, derived from the words unnamed
mineral Knisno and number of the phase. Individual phas
es are characterized to a variable degree, depending main
lyon the type and quantity of material available for the
study.

Methods of mineral identification

The surface morphology of samples was studied with the
optical microscope Nikon SMZl500 in combination with
attached digital camera Nikon DXMI200F, used for pho
tography in incandescent light. Scanning electron micro
scopes Tesla BS 340 (J. Sejkora and A. Gabasova; Czech
Geological Survey, Prague) and JEOL JSM-6380 (1. Sej
kora and 1. Plasil, Faculty of Science, Charles University,
Prague) were used to image surface details of the samples.

If not stated otherwise, all minerals described in this
paper were identified by X-ray powder diffraction anal
ysis. To minimize complicated shape of background due
to classic glass sample holder, the samples studied were
placed on the surface of a flat silicon wafer from suspen
sion in ethanol. Step-scanned powder diffraction data
were collected using the following instruments: Philips
X'Pert MPD diffractometer (Czech Geological Survey,
Prague) with a metallo-ceramic copper tube was operat
ed at high-voltage of 40 kV and tube current of 40 mA;
HZG4-AREM/Seifert diffractometer (National Museum,
Prague) with a copper tube was operated at high-voltage
50 kV and tube current of 40 rnA; and PANalytical
X'Pert Pro diffractometer (Faculty of Science, Charles

University, Prague) with X'Celerator detector, with sec
ondary monochromator, using CuKa radiation at 40 kV
and 30 mAo

The results were processed using X-ray analysis soft
ware ZDS for DOS (Ondrus 1993), Bede ZDS Search/
Match ver. 4.5 (Ondrus - Skala 1997); unit-cell parame
ters were refined by program of Burnham (1962) and by
program FullProf (Rodriguez-Carvajal 2005).

Quantitative chemical data were collected with the
electron microprobe Cameca SX 100 (1. Sejkora and
R. Skoda, Joint laboratory of Masaryk University and
Czech Geological Survey, Brno). Studied samples were
mounted in the epoxy resin discs and polished. The pol
ished surfaces were coated with carbon layer 250 A thick.
Wavelength dispersion mode and operating voltage of
15 kV were used in all analyses. The beam current and
diameter were adjusted to maintain stability of analyzed
phases under the electron beam. Stable phases were ana
lyzed using 20 nA current and 2 fim beam diameter. Less
stable and highly hydrated minerals were analyzed using
10-4 nA and 10-30 fim beam diameter. For smaller aggre
gates « 10 fim) of unstable minerals the beam diameter
was as large as possible and the applied beam current was
only 1-2 nA. The sequence of analyzed elements was
adjusted to particular composition of the analyzed min
eral. Volatile and major elements were analyzed first, fol
lowed by stable, minor and trace elements. Elevated an
alytic totals of minerals containing a large amount of
hydroxyl group or crystalline water are generally caused
by two factors: a) water evaporation under high vacuum
conditions, well documented by collapsed crystals;
b) water evaporation due to heating of the analyzed spot
by electron beam. The dehydrated domain is seen as a
notably brighter spot in backscattered electron images.
Lower analytical totals for some samples are primarily
caused by their porous nature or by poorly polished sur
face of soft or cryptocrystalline minerals.

In order to minimize peak overlap the following ana
lytic lines and crystals were selected: Ka lines: F (PCI,
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fluorapatite/topaz), Mg (TAP, forsterite), Na (TAP, albi
te), Al (TAP, sanidine), As (TAP, InAs), Si (TAP, sani
dine), Cu (TAP, dioptase), K (PET, sanidine), P (PET, flu
orapatite) Ca (PET, andradite), S (PET, barite), Ti (PET,
TiO), CI (PET, vanadinite), Fe (LIF, andradite), Mn (LIF,
rhodonite), Ni (LIF, NiO), Zn (LIF, ZnO); La lines:
Y (TAP, YAG), Sr (PET, SrS0

4
), La (PET, LaB

6
),

Ce (PET, CeAI), Sm (LIF, SmF
3
); LI3 lines: Ba (PET,

benitoite), Pr (LlF, PrF), Nd (LIF, NdF); Ma lines:
Th (PET, Th0

2
), Pb (PET, vanadinite); Ml3lines: Bi (PET,

metallic Bi), U (PET, metallic U). Peak counting times
(CT) were 10 to 20 s for main elements and 30 to 60 s for
minor and trace clements. CT for each background was Y2
of peak time. In case that background was measured only
one side of the peak, the counting time was the same as
counting on the peak. As far as possible, elements present
in minor and trace abundances were measured with high
ly sensitive crystals LPET a LLIF. Raw intensities were
converted to the concentrations using automatic PAP (Pou
chou - Pichoir 1985) matrix correction software package.

In analysis of some studied phases, accurate determi
nation of fluorine content is important. Where possible,
determination of fluorine was verified by measuring peak
area (integrated intensity). This check was done irrespec
tive of the note by Raudsep (1995) that with multilayer
crystal monochromators (PC 1) the effect of matrix is
minimal. Fluorine contents measured by the two meth
ods are practically identical.
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Review of identified mineral phases

UNKI CaAI silicate phosphate fluoride 
(Ca,Sr)3AI,(Si04MP04)4(F,OH)3. 16.5 Hp

UNKI has been found in several samples collected in the
Huber open pit. It is confined to cavities in strongly al
tered phosphate aggregates (Sejkora et at. 2006c), where
it belongs to the youngest minerals. Such phosphate ac
cumulations, ranging from I cm to 10 cm in size and
sometimes accompanied by grains of unaltered green flu
orapatite up to several cm long, are deposited in compact
quartz. Triplite in these aggregates is almost completely
replaced by compact pink-brown fluorapatite and isok
ite. Also accumulations to 2 by 3.5 cm composed domi
nantly of UNKI were observed, accompanied by whit
ish fluorapatite. The phase UNKI is accompanied by
imperfectly shaped crystals of white and light yellow flu
orapatite and rare zoned aggregates ofF-rich crandallite,
whitish crystals of kolbeckite and whitish earthy aggre
gates of the younger generation of isokite.

UNKI forms compact and finely crystalline aggregates
of chalk-white colour. This material, together with fluo
rapatite forms alteration products after the primary phos
phate aggregates (Fig. 1). Cavities in these masses carry
semi-spherical aggregates of UNKI to 0.1 mm with
pearly lustre. The same phase forms rich crystalline ag
gregates deposited on light pink fluorapatite. These ag-

Fig. I White aggre
gates of UNKl with
admixture of fluorap
atite in cavity of ag
gregate of the prima
ry phosphate. Huber
open pit, Knisno.
Width of the area
shown 4.5 mm. Nikon
SMZ1500, photo
graph by J. Sejkora.
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gregates of UNKI are whitish with a weak yellow or
green shade, partly transparent with a greasy lustre. In
dividual tabular crystals composing the aggregates are
about 0.1 mm long (Fig. 2). Probably the most common
are irregular, snow-white aggregates with pearly lustre,
deposited in cavities in relict fluorapatite. Such aggre
gates grade to spheroidal aggregates (Fig. 3) composed of
thin platy crystals (Fig. 4) up to 0.1 mm in size (Fig. 5).

Additional two different mineral assemblages host
UNKI. It crystallized as the youngest phase deposited on
crystalline aggregates of UNK3 and kolbeckite, together
with minerals of the chalcosiderite - turquoise series and
pharmacosiderite. The second ofthe associations includes
light yellow to buff crusts up to 3 mm thick, deposited on
I cm long fluellite crystals, which in tum are sitting on
milky-coloured fluorapatite in a cavity of quartz gangue.

Fig. 2 UNKI aggregates composed of tabular crystals, Knisno. Width
of the area shown 320 f.lm. SEM photograph Jeol JSM-6380, J. Sejko
ra and J. Pl<isil.
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Fig. 3 Semi-spherical aggregates of UNKI. Krasno. Width of the area
shovm 600 f.lm. SEM photograph Jeol JSM-6380, J. Sejkora and J. Plasil.

Fig. 4 Semi-spherical aggregates of UNKI composed of thin tabular
crystals (dark grey). deposited on fluorapatite and other phosphates
(light grey). Width of the area shown 400 ).lIn BSE photograph, Carn
eca SXIOO. by J. Sejkora and R. Skoda.

Fig. 5 Detail of tabular crystals of UNKI.
Krasno. Width of the area shown 80 f.lrn.
SEM photograph Jeol JSM-6380. J. Sejko
ra and J. Plasil.
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Tab Ie I X-ray powder diffraction pattern of UNKI
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1",* and d* - X-ray powder data of perhamite from Bell Pit, Newry, Maine, U.S.A (Dunn - Appleman 1977)

Ca

The A-site in UNKI from Knisno (Fig. 6) contains Ca
(1.82-2.57 apfu), but in difference to perhamite from
Newry Hill (Dunn - Appleman 1977), there are moder
ate contents of Sr (0.06 to 0.72 apfu) and minor contents
of Zn (max. 0.10), K (0.07), Na (0.04), Ba, Mn (0.02)
and Pb (max. 0.01 apjil). The occupancy of the A-site
(2.51-2.84 apjil) indicates possible vacancies. The B-site

The X-ray powder data for UNKI (Table 1) are
close to data published for perhamite (Dunn - Apple
man 1977). Besides differences in diffraction intensi
ties, caused probably by preferred orientation of sam
ple and instrumental differences, the most important
difference is in the presence of an intense diffraction
maximum with d-spacing of 20.2 A. Refined unit-cell
parameters of UNKI are close to those of perhamite
(Table 2).

The phase UNKI contains major Ca, AI, Si, P
and usually lower contents of Sr and F (Table 3).
The general formula of perhamite-like minerals is
AJB7(T(lPJ1(TI2,04)4X3 . 16.5H20. The A-site contains
M 1+ and M2

' elements, in particular Ca, Sr, and Na;
B-site contains M3+ and M4~ elements, dominant AI and
minor Fe J

- and Ti. The first tetrahedral T!i)-site hosts
dominant Si, which can be partly substituted by AI (Mills
et at. 2004); the T(2)-site is occupied by P, strongly dom
inating over As. The X-site in addition to (OH) and sub
ordinate CI contains fluorine.
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Ta b I e 2 Unit-cell parameters of UNKI (for hexagonal space group
P6Immm)

Fig. 6 Ternary plot Ca-Sr-X of occupancy of the A-site (atomic ratio)
for UNKI from Knisno. X = Na+K+Zn+Ba+Pb+Mn.
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Tab Ie 3 Chemical composition of UNKI (in wt. %)
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mean 1
Nap 0.06 0.04
K,0 0.16 0.14
CaO 10.18 8.45
BaO 0.07 0.22
SrO 3.07 6.11
PbO 0.04 0.13
MnO 0.04 0.11
ZnO 0.28 0.68
AI

2
0, 30.18 30.76

Fep3 0.38 1.06
SiO, 12.72 10.35
Asp, 0.05 0.17
P

2
0, 23.43 25.03

SO, 0.02 0.00
TiO, 0.18 0.09
C1 0.01 0.01
F 2.88 3.34
Hp* 23.27 23.41
O=F,Cl -1.21 -1.40
total 105.82 108.69
Na' 0.022 0.015
K' 0.042 0.036
Ca" 2.232 1.846
Ba" 0.006 0.0 17
Sr" 0.364 0.722
Pb" 0.002 0.007
Mn" 0.008 0.019
Zn" 0.043 0.102
AP 7.275 7.390
Fe'+ 0.059 0.163
Ti4• 0.028 0.014
Si4+ 2.602 2.110
As'- 0.005 0.018
p5+ 4.057 4.320
56+ 0.003 0.000
CI I 0.003 0.002
F 1.861 2.151

U· 33.968 35.007
OH 0.964 2.000
H,O 16.502 16.504

2 3 4
0.06 0.09 0.04
0.15 0.26 0.13
8.78 9.05 9.22
0.00 0.00 0.08
4.85 4.07 5.26
0.00 0.23 0.10
0.06 0.05 0.05
0.44 0.57 0.30

32.71 28.73 30.74
0.48 0.32 0.40

10.99 11.03 12.05
0.00 0.03 0.00

26.11 23.22 24.68
0.06 0.08 0.05
0.34 0.55 0.52
0.00 0.02 0.02
3.10 2.78 2.96

23.86 23.16 23.35
-1.31 -1.17 -1.25

110.68 103.07 108.69
O.O2! 0.039 0.017
0.037 0.070 0.034
1.827 2.094 1.990
0.000 0.000 0.006
0.546 0.509 0.614
0.000 0.013 0.005
0.009 0.010 0.008
0.064 0.090 0.045
7.491 7.309 7.298
0.070 0.053 0.060
0.050 0.090 0.078
2.135 2.381 2.426
0.000 0.003 0.000
4.295 4.242 4.209
0.009 0.013 0.007
0.000 0.008 0.005
1.905 1.898 1.885

34.616 34.744 34.477
1.619 1.749 1.474

16.499 16.497 16.501

5 6
0.09 0.04
0.16 0.13

11.59 11.36
0.07 0.00
0.53 0.73
0.04 0.00
0.06 0.06
0.37 0.45

29.78 30.34
0.21 0.25

13.06 13.21
0.08 0.00

22.91 22.31
0.00 0.00
0.18 0.11
0.01 0.00
3.21 3.06

23.13 23.05
-1.35 -1.29

104.12 103.81
0.034 0.017
0.043 0.033
2.566 2.503
0.006 0.000
0.063 0.087
0.002 0.000
0.010 0.011
0.056 0.068
7.253 7.357
(l.O32 0.039
0.028 0.017
2.699 2.718
0.009 0.000
4.007 3.886
0.000 0.000
0.005 0.001
2.100 1.991

33.617 33.238
0.620 0.241

16.499 16.499

7 8
0.08 0.11
0.22 0.24

I 1. 19 11.00
0.24 0.00
1.41 2.09
0.03 0.04
0.07 0.04
0.04 0.07

29.39 29.33
0.08 0.05

13.87 13.28
0.00 0.06

22.84 22.61
0.00 0.02
0.11 0.08
0.00 0.01
2.54 2.70

23.33 23.25
-1.07 -1.14

104.34 103.84
0.032 0.043
0.058 0.063
2.471 2.459
0.019 0.000
0.168 0.253
0.001 0.002
0.012 0.006
0.006 0.011
7.141 7.215
0.012 0.008
0.017 0.013
2.859 2.773
0.000 0.007
3.987 3.995
0.000 0.003
0.000 0.005
1.653 1.782

33.819 33.980
0.824 0.972

16.497 16.504

9 10 11
0.04 0.01 0.00
0.09 0.13 0.22
9.58 9.63 11.20
0.00 0.04 0.20
4.62 3.23 1.83
0.00 0.00 0.00
0.03 0.02 0.05
0.19 0.26 0.14

30.00 30.56 29.74
1.46 0.55 OJll

13.21 13.11 13.09
0.14 0.09 0.00

22.84 23.40 22.85
0.00 0.03 0.00
0.14 0.05 0.12
0.0 1 (J.(JI 0.0 I
2.08 3.19 2.75

23.29 23.05 23.31
-0.88 -1.34 -1.16

106.82 106.01 104.34
0.014 0.003 0.000
0.022 0.034 0.058
2.080 2.081 2.490
0.000 0.003 0.016
0.543 0.378 0.220
0.000 0.000 0.000
0.004 0.004 0.009
0.029 0.038 0.022
7.166 7.263 7.271
0.223 0.084 0.001
0.021 0.007 0.019
2.677 2.644 2.715
0.015 0.009 0.000
3.919 3.995 4.012
0.000 0.005 0.000
0.002 0.003 0.002
1.335 2.035 1.806

33.866 33.271 34.031
0.863 0.274 1.027

16.501 16.498 16.502

12
0.07
0.08
9.68
0.04
4.32
0.00
0.00
0.06
29.79
0.04
14.23
0.03
22.83
0.02
0.05
0.00
2.93
22.91
-1.24
105.83
0.026
0.021
2.113
0.003
0.510
0.000
0.000
0.008
7.152
0.007
0.007
2.898
0.003
3.937
0.003
0.000
1.890

33.327
0.326

16.500

13
0.08
0.13
11.68
0.10
0.85
0.00
0.00
0.14
30.43
0.05
13.90
0.00
22.92
0.00
0.07
0.01
2.76
23.36
-1.16

105.31
0.031
0.034
2.531
0.008
0.100
O.OO()
0.000
0.021
7.255
0.008
0.010
2.812
0.000
3.925
0.000
0.002
1.763

33.559
0.553

16.503

mean and 1-13 spot analyses of UNKI
H,O* content was calculated from the general formula (H,O = 16.50) and charge balance; empirical formulas were calculated on the basis of
(P+As+5i+5+AI+Fe+Ti) = 14. -

In UNKI is filled by dominant Al and minor Ti (max.
0.09 apjit) and Fe (0.22 apjit) (Fig. 7). With regard to the
high occupancy of the B-site (7.17-7.61 ap[u) it is prob
able that a part of Al (0.17-0.61 ap[u) substitutes for Si
in the T(II-site (Mills et at. 2004) and the B-site contains
6.76-6.99 apjit AI.

The tetrahedral T(I)-site in UNKI is occupied by Si
(2.11-2.90 apjit) and probably by a part of Al (0.17-0.61
apjit). The occupancy of the site ranges from 2.68 to 3.13
apjit. In the second tetrahedral T(2)-site, phosphorus is the
dominant element (3.89-4.32 apju), while the contents
of S and As are minor (to 0.01, 0.02 apjit, respectively).
The total occupancy of the site is 3.89-4.34 apjit. Data
in Fig. 8 suggest that in some analyses P may partly en
ter the T(I(site or they may indicate deviations in the ra
tio of T(/): Tm from the theoretical value of 3:4 (see dis-

order domains in the crystal structurc of perhamite. Mills
et al. 2004).

The X-site in UNKI, in difference from the data for
perhamite (Dunn - Appleman 1977), contains significant
F corresponding to 1.34-2.15 apjit. Low and variable CI
is below 0.0 I apjit and (OH) content calculated by dif
ference corresponds to 0.24-2.00 apju. The total occu
pancy of the X-site varies in dependence on charge bal
ance for individual analyses from 2.20 to 4.15 ap{zl. All
analyses of UNKI indicate that fluorine is the dominant
element in the X-site (Fig. 9). The empirical formula for
UNKl, derived from the mean of 13 spot analyses on the
basis of (P+As+Si+S+AI+Fe+Ti) = 14 and the above as

sumptions, is (Ca22] SrOJ6Zn004KOU4NalUl2Baoo IMnOD 1\271

(A1691 FeO 06TioOJ)noo[(S~60AIOJ6)0 c): ,"296[(PO4)406(AsO4)001 L407

[F186(OH)096]L2XJ . 16.5H20.
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as light blue aggregates cementing weathered gangue, or
as botryoidal aggregates in weathered greisen around the
ore vein, reminiscent of chalcanthite efflorescence. X-ray
amorphous arsenates of Cu and Fe in green glassy ag
gregates cementing gangue are closely associated with
UNK2.

The X-ray powder diffraction data (Table 4) and re
fined unit-cell parameters for UNK2 from Knisno (Ta
ble 5) correspond to a recently studied new mineral from
the Geschieber vein in the Jachymov ore district (Krus
ne hory, Czech Republic). The samples from Jichymov
contain well-formed crystals. Results of a detailed study
of this material, including determination of crystal struc
ture based on single-crystal X-ray diffraction and quan
titative chemical analysis, were submitted to the Com-

-~-~>~~ 0
70 80 90 100

P+As+S

• UNK1, Kn;sno (this paper)
., perhamite, Newry Hilt (Dunn - Appleman 1977)

Fig, 8 Ternary plot Si-Al in T,u-sitc-(P+As+S) of T-sites occupancy
(atomic ratios) for UNKl from Krasno,

UNK2 Cu arsenate - Cun(AS04)6(AsOPH)4 o23Hp
(IMA 2004-38)

The phase UNK2 has been found in the Huber open pit.
H occurred in proximity of a narrow and weathered ore
vein, carrying tennantite and cuprite in its centre. The
phase UNK2 forms light blue to light blue-green crys
talline coatings up to 2 by 2 cm in size, which are com
posed of minute and imperfect thin tabular crystals
(Fig. 10). It also occurs in a mixture with clay minerals

Fig. 10 Group of thin tabular crystals of UNK2, Krasno. Width of the
area shown 80 Ilm. SEM photograph Tesla BS 340, A. Gabasova.



Tab 1e 5 Unit-cell parameters of UNK2 (for triclinic spacc group P-l)

1--- a lAJ
. h [AJ

crAI
aici
Brcl
;' [0]

VIA'l

Krasno
this paper

6.407(7)
14.402(7)
16.60(2)

102.89(6)
100.5(1)
98.23(8)

1441

JachyrnoY

__--=I~M=-A~2004-0,38, _j

6.408(3)
14.491 (5)
16.505(8)

102.87(3)
101.32(5)
97.13(3)

1442(1)

mission on New Minerals and Mineral Names of the In
ternational Mineralogical Association. The proposal was
approved by the Commission as a new mineral under the
number IMA 2004-38.

The chemical composition of UNK2 from Knisno has
been studied with EMPA (energy-dispersion type) only
in a semi-quantitative way. Cu and As are the major ele
ments. This is in good agreement with the quantitative
chemical data for the proposed mineral from Jachymov,



166

which yielded the ideal fonnula Cu
13

(As04)/As0
3
0H)4

·23 H,O.

UNK3 Zn-Fe phosphate (rockbridgeite-Iike) 
Zn(Fe,Zn,Al)4(P04MOH)4

The mineral phase UNK3 has been noted in several sam
ples of phosphate accumulations in the Huber open pit
(Sejkora et al. 2006c). Since morphology of UNK3 and
its hosting asseblages vary significantly, individual types
of occurrence are described separately.

Journal of the Czech Geological Society 51/1-2(2006)

The first type of UNK3 occurs in a 6 cm long frag
ment oftriplite aggregate, altered to compact red-brown
fluorapatite and isokite. This material is accompanied by
coarse-grained white quartz containing up to 2 cm long
grains of dark green fluorapatite. Cavities in this materi
al, 1-2 cm in diameter, carry semi-spherical to spheroi
dal, radiating aggregates of UNK3 up to 1.5 mm in size
(Fig. 11), locally grouped to aggregates 5 mm long
(Fig. 12). The cavities also carry imperfect crystals of
light yellow-grey younger fluorapatite. The aggregates of
UNK3 (Fig. 13) are black-green to black with a green

Fig. II Black-green
spheroidal aggregates
of UNK3 with light
fluorapatite. Huber
open pit, Knlsno.
Width of the area
shown 2.1 mm. Nikon
SMZ1500, photograph
by J. Sejkora.

Fig. 12 Semi-spheroidal aggregates of UNK3, showing a weak zon
ing, with inclusions of Fe oxides-hydroxides (white) deposited on flu
orapatite (dark grey), with minute inclusions of Nb-rutile (light). Width
of the area shown 2 mm. Cameca SXIOO BSE photograph by J. Sej
kora and R. Skoda.

Fig. 13 Detail of surface of spherical aggregates of UNK3 (the first
type), Krasno. Width of the area shown 75 11m. SEM photograph Jeol
JSM-6380, J. Sejkora and 1. PhiSil.
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shade, vitreous on fracture, with a greasy lustre. Minute
splinters are transparent, bright green, and have a light
grey-green streak.

The second type of UNK3 has been found in strongly
altered aggregate of pinkish and white fluorapatite, 7 by
10 cm in size. The phase forms soft and crumbly grey
green aggregates up to 2 cm long in irregular cavities 5
by 6 cm in size. The aggregates consist of minute crys
tals (to 0.1 mm), intergrown with frequent light green flu
orapatite and less abundant kolbeckite aggregates. Well
formed tabular crystals of UNK3 (Fig. 14) are black with
a green shade, and vitreous lustre.

Fig. 14 Tabular crystals of UNK3 (the second type), Krasno. Width of
the area shown 80 ilm. SEM photograph Jeol JSM-6380, J. Sejkora and
J. Plasil.
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The third type of UNK3 has been found in weathered
vugs, 2 by 3 cm in size, in fluorapatite/isokite accumu
lations with triplite relics. The phase forms dark green
crystalline aggregates with a strong vitreous lustre, 0.5
1 mm in size. The aggregates (Fig. IS) are composed of
tabular crystals to 0.1 mm long, showing occasional
rhombic cross-sections. Such aggregates (Fig. 16) are
usually overgrown by zoned aggregates of the turquoise
group minerals, including UNK 10, pharmacosiderite,
UNK 1, rare kolbeckite and CI-rich fluorapatite. UNK3
of microscopic size occurs in additional two associations
of phosphate accumulations: irregular inclusions to

Fig. 15 Tabular crystals of the third type of UNK3. Krasno. Width of
the area shown 110 ilm. SEM photograph Jeol JSM-6380, J. Sejkora
and 1. Plasil

+uHtMilrti'"

Fig. 16 Aggregate of
tabular crystals of
UNK3 (in places with
rhombic sections ~ 3),
overgrown by zoned
aggregate of turquoise
group minerals (T)
and UNKI (promi
nently tabular ~ I).
Pharmacosiderite crys
tals (light P) are
present at the margin
of the aggregate.
Width of the area
shown 500 ilm. Cam
eca SXIOO, SSE pho
tograph by J. Sejkora
and R. Skoda.
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Table 6 X-ray powder diffraction pattern of UNK3

-~---d h k l~l d h k I 1~1 d h k I
--------

4 8.390 0 0 II 2.5790 2 0 0 8 1.8293 2 2 6
68 6.916 0 2 0 20 2.4209 I I 6 10 1.7950 0 4 8
10 4.824 I I 0 17 2.4128 I 5 1 14 1.7307 0 8 0
3 4.648 I I I 14 2.4011 I 3 5 12 1.7107 1 5 7

18 4.352 0 2 3 4 2.3448 I 5 2 6 1.6961 0 8 2
40 4.195 0 0 4 21 2.2667 0 2 7 9 1.6853 2 6 2
17 3.656 I I 3 7 2.2242 0 6 2 16 1.6798 0 0 10
46 3.590 0 2 4 3 2.1687 I 3 6 17 1.6420 0 4 9
19 3.438 I 3 0 8 2.1476 I I 7 II 1.6007 0 8 4

100 3.390 0 4 I 7 2.1080 I 5 4 13 1.5903 2 6 4
48 3.182 I 3 2 3 2.0977 2 2 4 13 1.5526 0 6 8
25 3.021 0 2 5 7 2.0547 2 4 I 6 1.5312 2 6 5
6 2.945 0 4 3 17 2.0221 0 6 4 12 1.4659 2 6 6

18 2.799 0 0 6 II 1.9606 2 2 5 7 1.4583 3 I 6
20 2.755 I 1 5 9 1.8989 2 0 6
II 2.672 0 4 4 11 1.8465 1 7 0

30 fim in beraunite associated with K-poor Ieucophos
phite and irregular aggregates (max. 100 fim) with fluo
rapatite, isokite, whitmoreite and UNKI.

The X-ray powder diffraction data for the first and sec
ond morphological types of UNK3 are practically iden
tical. Detailed work has been done on sample of the first
type (Table 6). Since the data are similar to published
values for minerals of the series rockbridgeite - fron
delite, indexing was done using a model derived from the
crystal structure data for rockbridgeite (Moore 1970) (full
occupancy of M(a)-site Zn, M(b)-sites Fe3+). The refined
unit-cell parameters for UNK3 (Table 7) are very close
to data for rockbridgeite.

The quantitative chemical composition of several mor
phologically distinct UNK3 types was obtained on five in
dividual samples. The average of all 19 analyses and eight
representative analyses are given in Table 8. The chemi
cal composition for the morphological types described
above is very similar. Since X-ray diffraction data for in
dividual morphological types of UNK3 and minerals ofthe
rockbridgeite-frondelite series are similar, the chemical
analyses were re-calculated on the basis of (P+As+Si+S)
= 3 of the general formula M(a)M(b)4(P04)3(OH)5' Lower
totals of the analyses in the range of 94-97 wt. %, after
inclusion of the theoretical content of H

2
0 (correspond

ing to OH groups), indicate a possible presence of about
2 water molecules in the phase UNK3.

The chemical composition of UNK3 from Knisno (Ta
ble 8) is greatly variable and more importantly, represents
the highest Zn content, known at present in minerals re
lated to rockbridgeite - frondelite. In the following text
we assume that the M l+a M2+ cations preferentially oc
cupy M(a) site and Znz- surplus (above the total of M(a)
site = 1) enters the M(b) sites, together with Fe3+, AP+
and Ti4+. In addition to minor and irregular contents of
Ba and Pb (max. 0.01 apfu) in the M(a) site, there are
somewhat higher contents of Ca (0.02-0.07 apfu), Mn
(0-0.10 apfu), Na (0.01-0.12 apfu) and dominant Zn in
the range of 0.73 to 0.90 apfu (Fig. 17). The M(b) sites
(Fig. 18) contain minor and irregular Ti (max. 0.06 apfil),

In in M(a)

• Krasno (this paper)
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Fig. 17 Ternary plot of Mn-(Zn in M(a))-X ofM(a)-site occupancy (atom
ic ratios) for UNK3 from Knlsno. X ~ Na, Ca. Ba and Pb in M(a)-site.
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Fig. 18 Ternary plot of(Zn in M(b))-(Fe+Ti)-AI of M(b)-site occupancy
(atomic ratios) for UNK3 from Knlsno.
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Tab I e 7 Unit-cell parameters of UNK3 (for orthorhombic space
group erncm)

j;"! UNK3 "---rockbridgeite' frondelite -I
~ this~ . 1* .. =-:2_*=-:=-:-c-

~-TAJ 5.161(1) 5.172-5.185 5.176-5.210

I b [A] 13.846(2) 13.78-13.873 13.81O-13.93~ I'

ciA] 16.789(3) 16.782-16.810 16.811-17.010
VrA'] 1199.8(3) 1198.0-1207.1 1211.4-1231.0

,._--- -------_... .._-

*1 various occurrences, Sejkora et al. (2006c), Moore (1970), ICDD 34-150.
*2 various occurrences, Sejkora et al. (2006c), ICDD 8-83, 35-625.
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Ta b I e 8 Chemical composition of UNK3 (we %)

(P04) pfu

Fig. 19 Plot of (PO,) - (As0
4

) pfu in tetrahedral site of UNK3 from
Krasno.
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formed by 0.3 mm long aggregates of minute and very
thin tabular crystals with maximum size of 0.1-0.2 mm
(Fig. 21). The very brittle and soft UNK4 aggregates are
white, yellowish or light pink. The aggregates have
pearly lustre, individual transparent to translucent crys
tals have a vitreous lustre.

The sample studied by X-ray powder diffraction con
tained in addition to dominating phase UNK4 a signifi-

cant admixture of fluorapatite (Table 9), which prevent
ed reliable indexing of the diffractions. The X-ray data
for UNK4 were indexed based on similarity with cran
dallite in the space group P3. The refined unit-cell pa
rameters are a = 6.984(1), c = 16.796(3) A and V =
709.5(3). However, it must be noted that in the angular
range correponding to d-spacing between 20 to 6 A, the
major differences between the pattern for UNK4 and

Fig. 20 Whitish aggregates of
UNK4 from phosphate accumula
tion from the 5'h level of the Huber
shaft, Knisno. Width of the area
shown 8 mm. Nikon SMZ1500,
photograph by .I. Sejkora.

Ta b 1e 9 X-ray powder diffraction pattern of UNK4 from Knisno.
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Fig. 21 Thin tabular crystals of UNK4, Krasno. Width of the area shown
140 J.nn. SEM photograph Jeol JSM-6380, J. Scjkora and J. Plasil

those of trigonal crandallite (R-3m; Blount 1974) and
probably triclinic crandallite (Cowgill et at. 1963) may
be observed.

The quantitative chemical analyses of UNK4 show
major contents of Ca, AI, P a F (Table 10). Therefore, it
is possible that it is a fluorine-rich mineral, structurally
related to crandallite CaAI/P04) (POPH)(OH,F)6' The
relatively low and variable analytic totals of UNK4 (af
ter including calculated Hp content) are probably due
to the surface properties of the analyzed sample, com
posed of very thin, tabular crystals. The chemical com
position of the crandallite group minerals can be ex
pressed by the general formula AB/T04)(T0

3
0H)

(OH,F)6'
The A-site of UNK4 contains dominant Ca (1.06-1.30

apfu) and minor K (max. 0.08), Sr (max. 0.06) and Cu
(max. 0.0 I apjit); the total for A-site is 1.21-1.46 apfit.
In B-site Al (3.05-3.32 apfu) is the dominant element,
Fe3 content is in the range of 0.01-0.02 apjit; the total
for B-site is 3.07-3.32 ap/it. The tetrahedral T-site is
dominated by P (I. 83-1.99 ap/it), with a local content of
Si (max. 0.17 apfil). The relative deficiency in the T-site
(as compared to cations in A- and B-sites) is probably com
pensated by increased number of (OH,F) groups of 6.42
7.72 pfil. compared to the theoretical number of 6.00.
There is an increased content of F (2.41-2.63 apfit) in the
(OH,F)-sites. Accepting the crandallite-type chemistry
and the relation (P+As+Si+S) = 2.00, the empirical for

mula for UNK4 is (CaL,c,KOOc,Bao.o, Sro.os)nn(AI32leoo2)n26
[(POJOH) IOO(PO4)o91(SiO4)OOS]L:1.99 [(OH)47l2.51 ]L:72C,'

Re-calculation of the analyses on an alternative basis
is possible, e.g., assuming (P+As+Si+S) = 3. This results
in the empirical formula (Ca"·)L9/Al.")4S8 [(P04) ...L
[(OH)SJ" F377]L93~'
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Ta b I e I 0 Chemical composition of UNK4 from Krasno (in wt. (10)

[
-- - --------

mean I 2 3 4
Na,o 0.02 0.03 0.00 0.00 0.05
K

2
0 0.57 0.51 0.57 0.56 0.66

CaO 12.41 12.13 11.70 13.13 12.67
MgO

,

0.04 0.00 0.05 0.06 0.04
PbO 0.09 0.00 0.12 0.11 0.14
CuO 0.11 0.21 0.21 0.00 0.00
ZnO 0.02 0.04 0.00 0.03 0.00
MnO 0.04 0.00 0.02 0.09 0.03
BaO 0.34 0.57 0.00 0.64 0.16
SrO 1.08 1.25 0.95 1.04 1.08
Fe,oJ 0.30 0.35 0.39 0.23 0.23
AI,o, 31.35 31.77 31.22 33.13 29.30
Ti02 0.02 0.00 0.03 0.00 0.06
Sia, 0.93 2.11 0.00 0.77 0.83
P2O, 25.81 26.47 26.11 26.95 23.70
As

2
0 s 0.06 0.00 0.16 0.00 0.08

SO, 0.05 0.00 0.09 0.10 0.00
F 9.07 9.38 9.09 9.82 7.98
-O=F -3.82 -3.95 -3.83 -4.14 -3.36
H

2
O* 11.00 10.10 11.18 11.14 11.62

total 89.48 90.98 88.04 93.68 85.26
Na 0.003 0.005 0.000 0.000 0.009
K 0.064 0.053 0.065 0.061 0.080
Ca 1.164 1.060 1.126 1.189 1.297
Ba 0.012 0.018 0.000 0.021 0.006
Sr 0.055 0.059 0.049 0.051 0.060
Mg 0.005 0.000 0.006 0.007 0.006
Pb 0.002 0.000 0.003 0.003 0.004
Cu 0.007 0.013 0.014 0.000 0.000
Mn 0.003 0.000 0.002 0.007 (l.()02
Zn 0.001 0.002 0.000 0.002 0.000
total A-site 1.316 1.211 1.266 1.340 1.464
AI' 3.235 3.053 3.306 3.300 3.299
Fe' 0.020 0.022 0.026 0.015 0.016
Ti41 0.001 0.000 0.002 0.000 0.004
total B-site 3.256 3.075 3.334 3.315 3.320
Si 0.081 0.172 0.000 0.065 0.079
As 0.003 0.000 0.008 0.000 0.004
Pb 1.913 1.828 1.986 1.929 1.917
S 0.003 0.000 0.006 0.006 0.000
total T-site 2.000 2.000 2.000 2.000 2.000
F 2.511 2.420 2.583 2.625 2.412
H 5.745 4.996 5.898 5.882 6.312
OH in (PO,oH) 1.000 1.000 1.000 l.OOO 1.000
(OH) 4.745 3.996 4.898 4.882 5.312

7.256 6.415 7.477 7.506 7.724

Empirical formulas were calculated on the basis of (P+As+Si+S) = 2; all
Fe,,,, as Fe"; *H

2
0 content calculated from charge balance.

UNK5 Pb-U oxide/hydroxide - Pb(U02)P3(OH)2 .
3Hp (?)

UNK5 has been found in several historical specimens
(NMCR, collected 1949) from Oktyabrskaya vein of the
Horni Slavkov uranium ore district (Plasi! et al. 2006).
The phase occurs in uraninite veinlets to I cm wide, af-
fected by a strong supergene alteration. Yellow ura-
nophane and phosphuranylite, yellow and yellow-orange
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other elements

ent from those presented for minerals compositionally
related to UNK5 specifically masuyite (Finch - Ewing
1992; Deliens - Piret 1996; Bums - Hanchar 1999) and
richetite (Bums 1998).

Quantitative chemical analyses of UNK5 (Table 12)
show that the phase is a hydrated oxide/hydroxide of Pb
and U with contents of these elements (Fig. 24) close to
those of one type of masuyite, reported by Burns - Han
char (1999), Finch - Ewing (1992) (masuyite 1) and De
liens - Piret (1996) ("grooved masuyite"). For this rea
son, analyses of UNK5 were re-calculated on the basis
of U = 3. In contrast to the published masuyite analyses,
UNK5 contains minor quantities of other elements (con
tents expressed as apfu fractions): 0.05 Ca, 0.04 K, 0.04
AI, 0.03 Na etc. Based on analogy with masuyite, the

empirical formula is (PbOglCa004Ko03Nao.o2MgooIAlool\:o92
(U0 2\oP/OH)167 . 3Hp. Figure 24 indicates that the
composition of UNK5 is close to the published data for
richetite. Recalculation of analyses of the phase from
Horni Slavkov on the basis of general formula for riche
tite proposed by Bums (1998) results in empirical for
mula M16lb969[(U02)IPI8(OH)lOo4] . 41Hp. This for
mula requires 6.91 wt. % H

2
0 and the analysis total

would be 101.63 wt. %. A problematic question in min
eralogy with chemical compositions close to richetite is
the occupancy of M-site by elements such as Mg, Fe,
etc. Bums (1998) derived their content from the crys
tal structure study as corresponding to 0.47 a 0.83 apfu
respectively, but microprobe study of identical materi-

10

• UNK5, Hornf Slavkov (this paper)
... fourmarierite (piret 1985: Li - Burns 2000a)
D masuyite I (Finch- Ewing 1992): masuyite grooved (Deliens Piret 1996)

part of masuyite data (Burns - Hanchar 1999)
• nchetite (Piret- Dellens 1984: Burns 1998)
• saynte (Piret et at 1983)
• synl Pb-U phases (ll- Burns 2000b)
o vandendnesscheite (Christ ~ Clark 1960, Pagoaga 1983: Burns 1997)

u

Fig. 24 Part of ternary plot of Pb-U-X in UNK5 from Krasno, com
pared with published data for other Pb-U-O-H

2
0 minerals.

rutherfordine crusts, light yellow-green tabular crystals of
autunite and rare novacekite are the associated minerals.
The aggregates of UNK5 are limited to 5 mm long, black
relics of hydrated uraninite in altered gangue. The phase
usually forms minor vein lets to 0.2 mm wide (Fig. 22)
or rare equant aggregates to 0.5 mm, intergrown with
black uraninite, yellow uranophane and light yellow
green novacekite (Fig. 23). UNK5 has a conspicuous or
ange-red colour, it is transparent, with vitreous lustre and
conchoidal fracture.

The X-ray powder diffraction data for UNK5 from
Homi Slavkov (Table 11) correspond to data published
for an unnamed PbO-U0

3
-HP phase from the Rovnost

mine, Jachymov (Ondrus et al. 1997). The sample from
Horni Slavkov contains probably admixture of novacek
ite. X-ray powder diffraction data for UNK5 are differ-

Fig. 23 UNK5 aggregates (light) replacing hydrated uraninite (grey)
with novacekitc (dark grey) occurring in cavities and along fractures.
Horni Slavkov uranium ore district. Width of the area shown 500 ilm.
Camcca SX I00. BSE photograph by J. Sejkora and R. Skoda.

Fig. 22 Orange-red veinlets of UNK5 in black hydrated uraninite with
yellow uranophane and greenish novacekitc. Oktyabrskaya vein, Horn!
Slavkov uranium ore district. Width of the area shown 2 mrn. Nikon
SMZI500 photograph by J. Sejkora.
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Tab I e I I X-ray powder diffraction pattern of UNK5

2
16.293 6
10.372 5
9.981 N
8.706 9
7.994 40
7.641 100
7.230
7.069 78
6.733 N
6.367 8
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5.930 12
5.707 5
5.637 35
5.258
5.200
5.035 N 12
4.982 4
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4.471 6
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4.338 I

7
4.168 2
4.081 7
3.989 13
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3.802 10

3 1.7537
II 1.7221

4 1.6735
4 1.6424
4 1.6082
4 1.5728
5 1.5520

I * d*
1'1:/

6 2.2557-
4 2.2254
4 2.1995
5 2.1720
8 2.1068
2 2.0899
7 2.0668

10 2.0318
10 2.0205
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9 1.9626
4 1.9509
6 1.9315

18 1.9208
18 1.8934
7 1.8799

13 1.8563
7 1.8193
8 1.8121

13 1.8039

d

2.2504 N
2.2231
2.2011
2.1691

7 2.1090
4 2.0866
4 2.0590

10 2.0273
II 1.9922 N
19 1.9766
13 1.9737
10 1.9475
1 1.9311
7 1.9159

14 1.8900
14 1.8787
I 1.8554
7 1.8206 N

12 1.8097
3 1.8026
8 1.7961
6 1.7754 N

II 1.7450
6 1.7277

17 1.7180

In
2

3 1.6393
4 1.6089

-.1_ 3 1.5510

3.355

9 3.039
II 3.(l04

21

44 3.542
14 3.479

23 2.901
6 2.821

16 2.763
11 2.704

II 3.277
83 3.216
21 3.170

4 3'(l99

3 2.509
5 2.4897
6 2.430 I
2 2.3927
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4 2.2893
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Fig. 25 Radiating ag
gregates of UNK6
from Huber opcn pit,
Krasno. Width of the
area shown 1.5 mm.
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tograph by J. Sejkora.
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T a hie I 2 Chemical composition of UNK5 (in wI. %)

~"~I i.':~" :i: ::~ ::: :~: ::: :~: :i;l
CaO O.!9 0.16 0.18 0.11 0.20 0.23 0.27 0.18:
FcO 0.04 000 0.02 0.06 0.00 0.01 0.22 0.00
BaO 0.02 0.00 0.01 0.03 0.Q7 0.00 0.03 0.00
MgO 0.04 0.03 0.10 0.06 0.06 0.00 0.06 0.00
PbO 16.25 10.01 10.89 15.41 16.78 15.14 16.60 16.95
CuO 0.06 0.05 0.00 0.18 0.00 0.19 0.00 0.00
ZnO I 0.00 0.00 0.17 0.00 0.11 0.07 0.09 0.00
Alp, 0.05 0.03 0.04 0.03 0.00 0.04 0.20 0.03
Bi,0, 0.12 (LOo 0.09 0.26 0.00 0.24 O.l7 0.02
SiO, 0.19 0.09 0.09 0.00 0.11 0.15 0.44 0.41
As,0sl 0.02 O.l I 0.00 0.04 0.00 0.00 0.03 0.00
P,o I 0.02 0.00 0.00 0.02 0.05 0.04 0.00 0.03
'1,0', I 0.03 0.08 0.00 0.00 0.03 0.05 0.00 0.03
SO] I 0.08 0.06 0.00 0.21 0.07 0.03 O.Q7 0.16
UO, I 77.35 7904 77.33 77.85 77.42 76.89 77.38 75.53
CI 0.02 0.06 0.05 0.0 I 0.00 0.04 0.02 0.00
H,0* 6.23 0.30 6.39 6.30 6.27 6.17 6.28 5.91
total 1100.95 102.28 101.47 100.78 IOUI 99.51 101.98 99.31
Na" 0.016 0.019 0.035 0.013 0.016 0.026 0.000 0.003
K' . 0.027 0.037 0.004 0.038 0.026 0.032 0.032 0.016
Ca" 0.037 0.031 0.035 0.022 0.039 0.046 0.054 0.036
Fe" 0.007 0.000 0.003 O.OlO 0.000 0.001 0.034 0.000
Ba' 0.002 0.000 0.00 I 0.002 0.005 0.000 0.002 0.000
Mg' 0.012 0.007 0.026 0.016 0.015 0.000 0.017 0.000
Pb' 0.808 0.779 0.840 0.761 0.833 0.757 0.825 0.863
Cu'· O.OOS 0.006 0.000 0.025 0.000 0.027 0.000 0.000
Zn" O.OOS 0.000 0.023 0.000 0.0]4 O.OlO 0.012 0.000
AI" 0.012 0.007 0.009 0.006 0.000 0.010 0.043 0.006
Bi" 0.006 0.003 0.004 0.012 0.000 0.012 O.OOS 0.00]
Si' 0.034 0.017 0.0]6 0.000 0.021 0.029 O.OSO 0.078
As 5 0.002 0.010 0.000 0.003 0.000 0.000 0.003 0.000
p5+ 0.003 0.000 0.000 0.004 0.008 0.006 0.000 0.005
V~ ~~ O~ Q~ O.~ Q~ Q~ Q~ Q~

S" 0.012 O.OOS 0.000 0.029 0.009 0.004 0.009 0.022
U" 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000
CI O.OOS 0.017 0.015 0.003 0.000 0.012 0.005 0.001
H 7.673 7.593 7.872 7.709 7.715 7.644 7.731 7.454
OH 1.073 1.587 1.871 1.70! 1.720 1.647 1.724 1.457.1
H,O 3.000 3.003 3.000 3.004 2.997 2.999 3.003 2.999

--- ..._----- ---

Mean and spot analyses (1-7). Empirical formulas were calculated on the
basis of (UO,)" = 3; H,O' content was calculated from the charge balance
and ideal con'tent of 3. '
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quartz. UNK6 is deposited in weathering cavities
of mm to 2 cm size. It crystallized on coating of
amorphous Fe or Mn-oxides or directly on relics
of fresh, brown-red triplite. Small whitish UNKI
aggregates and rare very minute dark green crys
tals of chalcosiderite - turquoise minerals occur in
association with UNK6. The mineral forms abun
dant radiating to semi-spheroidal aggregates to
1 mm (Fig. 25), composed of thin tabular crystals
to 0.5 mm (Figs 26 and 27) and less common crys
talline coatings up to several mm2 in size. The ag
gregates are bright yellow-green, sometimes with
darker green rims and pearly lustre. Individual
crystals show a lighter colour, they are translucent
to transparent and show intense vitreous lustre.

A second type, designated as UNK6 "crystals",
has been found in cavities to 3 em in size in former
triplite accumulations, almost completely altered to
compact brown-pink fluorapatite. It is accompanied
by abundant translucent leucophosphite crystals,
crystals and aggregates of younger fluorapatite, less
common crystalline aggregates of a chalcosiderite 
turquoise mineral and rare skeletal aggregates of
UNKI. UNK6 forms relatively abundant, well
formed long tabular to flat acicular crystals (Fig. 28)
up to 0.2 mm long. The crystals tend to form radi
ating or random groups. The individual UNK6 crys
tals are transparent to translucent, of predominating
yellow-green colour and intense vitreous lustre.
Some of the crystals show distinct colour zoning,
with lighter (whitmoreite, earlshannonite, UNK8)
and darker green (UNK7) parts. UNK6 is sometimes
intergrown with colourless to very light yellow
green whitmoreite and darker green UNK7, show
ing the same crystal morphology as UNK6.

The third type, designated as UNK6 "tables", oc
curs in a weathering cavity 1 by 1.5 em in size, in
altered phosphate aggregate (fluorapatite, isokite)
in association with abundant water-clear crystals of

al shows that all elements, which potentially could en
ter the M-site, are below the detection limits of the in
strument.

UNK6 Cu-Fe phosphate (arthurite group)
CuFe3\(P04MOH)2· 4Hp

UNK6 occurs in several samples of phosphate accumu
lations from the Huber open pit (Sejkora et al. 2006c).
Three morphological types of the phase are noted. They
also differ in details of their chemical composition and
by the associated minerals.

The first type, in the following designated as UNK6
"aggregates", occurs in place of the original triplite ac
cumulations, more than 5 cm in size, which were later
altered to brownish fluorapatite, accompanied by lighter
compact isokite, and associated with white crystalline

Fig. 26 Radiating agregates of thin tabular UNK6 crystals (grey) with
minute chalcopyrite inclusions (light). Width of the area shown 300 fill.
Cameca SXIOO SSE photograph, by J. Sejkora and R. Skoda.
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Fig. 27 Radiating agregates of UNK6 crystals, Knisno. Width of the
area shown 200 /lm. SEM photograph Jeol JSM-6380, J. Sejkora and
.I. Plitsil

younger fluorapatite (sometimes with rutile inclusions),
yellow crystals of pharmacosiderite and rare translucent
leucophosphite and kolbeckite. In this association, UNK6
forms six-sided tabular aggregates (Fig. 29) up to 0.3 mm
long, composed of tabular crystals, which show fibre-like
cross-sections (Fig. 30). This type of UNK6 is light green
with a yellow tint, aggregates show a limited transpar
ency and a weak mat lustre.

The X-ray data of all three types of UNK6 from Knis
no show clear relations of this new phase to the arthu-

175

rite group. A sample of the type UNK6 "aggregates" was
selected for a detailed study, due to the quantity of ma
terial available and its chemical homogeneity. The dif
fraction pattern (Table 13) was indexed using theoreti
cal data calculated from the model of crystal structure for
UNK6 (P analogue of arthurite - Keller - Hess 1978).
The refined unit-cell parameters of UNK6 (Table 14) are
closer to phosphates of the arthurite group than to anal
ogous arsenates. This relation probably reflects the role
of anion tetrahedra size: the (PO4) tetrahedron with bond

Fig. 28 Elongated tabular to flat acicular UNK6 crystals. Huber open
pit, Kritsno. Width of the area shown 150 /lm. SEM photograph .Ieol
JSM-6380, J. Sejkora and.l. Plitsil

Fig. 29 Greenish tabu
lar aggregates of
UNK6 in cavity of
phoshatc accumula
tion, Huber open pit,
Knisno. Width of the
area shown 2 mm. Ni
kon SMZ 1500, photo
graph by J. Sejkora.

J
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Fig. 30 Aggregates of very thin UNK6 tabular crystals (light grey), with
kolbeckite crystal (K) and fluorapatite aggregates (darker grey). Width
of the area shown 400 11m. Cameca SX I00 BSE photograph by J. Se
jkora and R. Skoda.

distance of 1.53-1.61 A (Moore et al. 1974) is smaller
than (As0

4
) tetrahedron with bond distance of 1.67~

1.72 A (Keller - Hess 1978; Kampf 2005).
Chemical composition of minerals of the arthurite

group can be expressed by a general formula
AB2(T0

4
MOH,O)2 . 4Hp (Table IS). The structural po

sition A is occupied mainly by M2+elements, such as Cu,
Fe2+, Mn2-, Zn, Co, Mg and Ca (Peacor et al. 1984, Jam
bor et al. 2002). According to Moore et al. (1974), also
Fe3+and vacancies may occur. The study of crystal struc
ture indicates (Keller - Hess 1978, Hughes et al. 1996,
Kampf 2005) that Cu, Zn and Co enter exclusively the
A-site. The B-site is occupied by dominant Fe3+ and some
AP+ (Peacor et al. 1984, Stanek 1988) and probably mi
nor Ti4+(Stanek 1988). It is also possible that monoclin
ic kleemanite ZnAI/P0

4
)2(OH)2 . 3Hp (Pilkington et al.

1979) is a member of the arthurite group with dominant
Zn-AI-P.

Ta b I c I 3 X-ray powder diffraction pattern of UNK6
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Ta b 1e 14 Unit-cell parameters of UNK6 (for monoclinic space group P2/c) and comparison with data for
arthurite group minerals

LWK6 -- arthurite oJuela~obaltarthunte whltmoreite earlShannonlte
*1 *2 *3 *4 *5 *6
Cu Cu Zn Co Fe Mn
Fe Fe Fe Fe Fe Fe
P ~ __~ __A.s P_ _P__

9.839(2) 10.189(2) 10.237(1) 10.2635(9) 10.00(2) 9.91(1)
9.636(2) 9.649(2) 9.662(3) 9.7028(8) 9.73(2) 9.669(8~

5.471(1) 5.59.8.(1) ... 5.562(1) 5...5711(5) 5.47.1(8) 5.455.(.9..)
92.23(2) 92.16(2) 94.36(1) 94.207(1) 93.8(1) 93.95(9)

518.3(1) 549.9(2_)__54~ ~.3~~6 ~~ _

*1 Knlsno (this paper); *2 - Keller - Hess (1978); *3 Hughes et af. (1996); *4 - Kampf (2005);
*5 - Moore et al. (1974); *6 - Peacor et af. (1984).
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Tab I e I 5 Ideal composition of arthurite group minerals

1-"--
--_......_-- -- ---

--------
A B T -_...._-- ---

arthurite Cu Fc As Davis - Hey (1964)
cobaltarthurite Co Fc As Jambor et al. (2002)
ojuelaite Zn Fc Aii Ceiibron et al. (1981)
earlshannonite Mn Fe P Peacor et af. (1984)
whitmoreite Fe Fe P Moore et al. (1974)
UNK6 Cu Fe P this paper
UNK7 Zn Fe P this paper
UNK8 Fe AI P this paper

- -
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The anion tetrahedral T position may contain minor
Sand Si, next to the dominating As and P. Davis - Hey
(1969) found 0.40 apfu P and 0.22 apfu S besides 1.38
apjit As in arthurite; Jambor et al. (2002) reported P con
tents to 0.04 apfu and S to 0.01 apfu for cobaltarthurite.
Frost et al. (2003) found 0.55 apfu As and 1.46 apfu P
in arthurite from Hingston Down, Consols Mine, Cal
stock, Cornwall (Great Britain). According to these data,
the relation is obviously P>As and this mineral should

Ta bl e 16 Chemical composition of UNK6 (in wt. %)

aggregates crystals tables
__ mean _____ I 2 3 4 mcan 5 6 7 mcan 8 9 10

--_ .....---

NacO 0.01 0.00 0.00 0.06 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.00
KJ) 0.01 0.02 0.00 0.00 0.02 0.02 0.05 0.04 0.00 0.00 0.00 0.00
clio 21.04 20.80 20.36 20.06 21.82 18.03 19.29 18.00 15.91 21.36 20.27 22.32 16.88
MnO 0.02 0.00 0.13 0.00 0.00 0.02 0.00 0.00 0.00 0.01 0.02 0.00
ZnO 0.54 0.22 0.84 0.90 0.95 1.11 1.08 0.28 1.00 0.28 0.19 0.26
BaO 0.00 0.00 0.00 0.00 0.00 0.06 0.22 0.00 0.00 0.00 0.00 0.00
CaO 0.08 0.05 0.03 0.04 0.11 0.53 0.31 0.03 0.03 0.05 0.05 0.07
PbO 0.01 0.07 0.00 0.03 0.05 0.05 0.00 0.00 0.00 0.06 0.03 0.16
MgO 0.04 0.08 0.00 0.10 0.11 0.12 0.01 0.08 0.25 0.00 0.00 0.00
FeO* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.42 0.00 0.00 0.00

FC2°/1
29.68 30.13 30.75 30.11 30.28 34.53 32.75 36.26 35.81 29.86 29.64 31.06 33.88

AI,Ol 0.39 0.25 0.34 0.43 0.57 1.07 2.74 0.52 0.25 0.46 0.44 0.42
SiO, ' 0.04 0.07 0.08 0.00 0.03 0.04 0.11 0.00 0.00 0.04 0.02 0.07
TiO; 0.00 0.00 0.00 0.00 0.00 0.21 0.51 0.00 0.00 0.00 0.00 0.00

As/J, 10.66 16.81 6.74 5.46 3.70 5.95 1.64 10.43 7.26 21.58 20.49 22.55
P,O, 22.99 19.31 26.17 26.99 28.55 29.01 33.09 26.51 27.70 14.43 14.71 14.95 30.12

SOl 0.01 0.05 0.00 0.04 0.03 0.01 0.00 0.00 0.00 0.05 0.00 0.03
H 0** 18.71 18.33 19.02 19.05 19.24 19.71 20.12 19.39 19.50 18.20 18.20 18.26 19.12

to~al 1 104.23 106.19 104.47 103.27 105.47 110.49 111.96 111.55 108.14 106.37 104.05 110.15 100.00
Na 0.002 0.000 0.000 0.009 0.000 0.004 0.005 0.000 0.000 0.000 0.000 0.000
K 0.001 0.002 0.000 0.000 0.002 0.002 0.005 0.004 0.000 0.000 0.000 0.000
1:M" 0.002 0.002 0.000 0.009 0.002 0.007 0.010 0.004 0.000 0.000 0.000 0.000
Ca 0.007 0.004 0.003 0.003 0.009 0.041 0.023 0.003 0.003 0.004 0.005 0.006
Fc'+ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.026 0.000 0.000 0.000
Sa 0.000 0.000 0.000 0.000 0.000 0.002 0.006 0.000 0.000 0.000 0.000 0.000
Mg 0.005 0.009 0.000 0.011 0.012 0.013 0.001 0.008 0.027 0.000 0.000 0.000
Pb 0.000 0.002 0.000 0.001 0.001 0.001 0.000 0.000 0.000 0.001 0.001 0.003
Cu 1.267 1.245 1.194 1.177 1.260 0.982 1.005 0.975 0.882 1.368 1.321 1.374 1.000 I

Mn 0.001 0.000 0.009 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.000
Zn 0.032 0.013 0.048 0.052 0.054 0.059 0.055 0.015 0.054 0.017 0.012 O.oJ 5

1.000 I1:A 1.312 1.273 1.254 1.244 1.336 1.099 1.090 1.002 0.992 1.392 1.340 1.399
AI" 0.037 0.023 0.031 0.039 0.052 0.091 0.222 0.044 0.022 0.045 0.045 0.041
Fe" 1.781 1.797 1.796 1.761 1.742 1.875 1.701 1.956 1.978 1.906 1.924 1.905

1.
999

1Ti4" 0.000 0.000 0.000 0.000 0.000 0.011 0.027 0.000 0.000 0.000 0.000 0.000
1:8 1.817 1.820 1.828 1.800 1.793 1.978 1.950 2.000 2.000 1.952 1.969 1.946 1.999
Si 0.003 0.006 0.006 0.000 0.002 0.003 0.008 0.000 0.000 0.004 0.002 0.005
As 0.444 0.696 0.274 0.222 0.148 0.225 0.059 0.391 0.279 0.957 0.924 0.961
P 1.552 1.295 1.720 1.776 1.848 1.772 1.933 1.609 1.721 1.036 1.074 1.031 2.000
S 0.001 0.003 0.000 0.002 0.002 0.001 0.000 0.000 0.000 0.003 0.000 0.002
1:T 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
H 10.076 9.995 9.987 9.899 10.049 10.154 10.066 10.008 9.982 10.646 10.588 10.652 9.9991

L~~
2.076 2.005 1.985 1.899 2.053 2.146 2.059 2.007 1.984 2.638 2.585 2.631 1.999
4.000 3.995 4.001 4.000 3.998 4.004 4.003 4.001 3.999 4.004 4.001 3.997 4.000

-- --

Empirical formulas were calculated on the basis of (P+As+Si+S) ~ 2;
* calculation of Fe,,,, to Fe" and Fe" is based on the assumption that Fc3+ (jointly with AI" and Ti4

-) prefcrentially occu-
pied the B3'position; only Fe in surplus. above 2 apfu. enters the A'- position as Fc'- ; **H,o contcnt calculated on the
basis of the general formula (H,O ~ 4) and charge balance. 1--9 - selected spot analyses of UNK6. 10 - theorctical compo-
sition calculated from the formula CuFe1t ,(P0

4
),(OH), .4H,o.
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correspond to UNK6. However, the data reported by Frost
et al. (2003) can be considered only as preliminary with
regard to ED analysis, problems in stoichiometry, discrep
ancies in systematics, etc.

Chemical composition of all UNK6 types from Knis
no is presented in Table 16 and in Figs 31-33. The high
analytical totals in the range of 103-112 wt.%, after in
clusion of the theoretical Hp content, indicate partial

eu

40
60

50
50

60 V
40

30

whllmoreite
20UNK8

10

0

Zn 10 20 30 40 50 60 70 80 90 100 Fe2';-+Mn2'"

• UNK6 crystals, Krasno (this paper)
• UNK6 aggregates and tables Krasno (this paper)
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Fig. 31 Ternary plot Cu-Zn-(Fc"+Mn2
') of A-site occupancy (atomic

ratios) for arthurite group mineral phases (UNK6, UNK8, Cu-rich whit
moreite) from Krilsno.

dehydration of the samples studied in vacuum and their
instability under electron beam. The differences in totals
of the analyzed UNK6 samples correlate with the diam
eter of electron beam in individual analyses and do not
indicate true differences in chemical composition of the
studied mineral phase. A-site in UNK6 "aggregates" is
dominated by Cu (1.12-1.40 apfu) and contains Zn
(0.01-0.05 apfu) and variable contents of Ca (max. 0.02
apfu) and Na, Mg (max. 0.01 apju). The composition of
A-site of UNK6 "tables" is similar to the first type: Cu
(1.32-1.39 apfu), Zn (0.01-0.03 apfu) and Ca (max. 0.01
apfu). The composition of A-site of UNK6 "crystals" is
variable (Fig. 31). In addition to dominant Cu (0.82-1.32
apfu), there are Zn (0.01-0.13 apjil) and variable contents
of Fe (max. 0.12 apfu), Ca, Mg (max. 0.04 apju) and Na
(max. 0.01 apju).

The B-sites (Fig. 32) of UNK6 "aggregates" and "ta
bles" contain Fe 3+ (1.59-1.97; 1.89-1.92 apfu) and Al
(0.02-0.06 and 0.04-0.05 apfu, respectively). UNK6
"crystals" contain besides Fe3+ (1.64-1.98 apfil), minor
Ti (max. 0.04 apfu), and AI. The content of the latter var
ies in two ranges - 0.02 to 0.07 and 0.20 to 0.23 apfu.
The tetrahedral T-site of UNK6 "aggregates" and "crys
tals" (Fig. 33) contain dominant P (1.26-1.93 apfil), As
(0.06-0.74 apfu) and minor Si (max. 0.01 apfu). In UNK6
"tables" P (1.01-1.07 apfil) just slightly predominates
over As (0.92-0.99 apfu).

The average empirical formula of UNK6 "aggregates"
(18 spot analyses) is (CulnZn003CaOO\Mgo.ol)L13/Fe1.78
Aloo4)Ll82[(P04)lSs(As04\,44]Ll9/0H)208 . 4H20; the av
erage formula of UNK6 "crystals" (19 spot analyses) is
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Fig. 32 Part oftcrnary plot Fe3<-Ti-AI of B-site occupancy (atomic ra
tios) for arthurite group mineral phases (UNK6, UNK7) from Knisno

Fig. 33 Ternary plot P-(S+Si)-As of T-site occupancy (atomic ratios)
for arthurite group mineral phases (UiYK6, UNK7) from Knisno.
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(C u 09XZn 006C a004 Mg 001) l: 109( F e ugA I0.09Ti 0.01) l:1.n
[(POJI77(As04)02JL200(OH)2IS . 4Hp; the formula for
UNK6 "tables" (4 spot analyses) is (Cu137ZnOOZ)L139

(Fe19I AIOos)n96[(P04)104(As04)0 96]L200(OH)z 64 . 4Hp.

UNK7 Zn-Fe phosphate (arthurite group)
ZnFe3\(P04MOH)z·4Hp

The phase UNK7 has been found in samples collected in
the Huber open pit. It occurs in cavities 2-3 cm in di
ameter in former accumulations of triplite, almost com
pletely altered to pink-brown fluorapatite (Sejkora et af.

2006c). UNK7 is associated with abundant translucent
leucophosphite crystals, whitish crystals and aggregates
of younger fluorapatite, abundant small, yellow-green
crystals of UNK6, less common crystals of chalcosider
ite-turquoise minerals, very rare snow-white skeletal crys
tals of UNKI and colourless to very light yellow-green
crystals of whitmoreite. Individual crystals of UNK7,
maximum 0.1 mm in size, are elongated-tabular, lath
shaped, transparent to translucent, usually green with an
intense vitreous lustre. Crystal morphology of this ma
terial is indistinguishable from those ofUNK6 and whit
moreite. Green prismatic UNK7 crystals (max. 0.1 mm)
with uneven surface and greasy lustre are rare. The UNK7
phase shows, in parts of some crystals, colour zoning, in
cluding yellow-green (UNK6) and lighter domains (whit
moreite, earlshannonite, UNK8).

Owing to the very small size of UNK7, it was not pos
sible to identify it by X-ray powder diffraction. Its clas
sification with the arthurite group is based on stoichiom
etry of chemical composition and the occurrence as
individual zones in the zoned crystals of the arthurite
group minerals.

The chemical composition of minerals of the arthurite
group can be expressed by a general formula AB2(T04)2
(OH,O)l . 4H20. A detailed discussion of occupancy of
the individual structure sites is discussed with the phase
UNK6. Variation in totals of the individual spot analy
ses of UNK7 in the range of 94-109 wt. % (after inclu
sion of calculated Hp content) is caused mainly by vari
able diameter of the electron beam, selected in
dependence of variable size of individual domains in the
zoned crystals (Table 17).

Zn (0.35-0.75 apjit) is the dominant cation in A-site
of UNK7 (Fig. 34). Fe1+ contents are also significant
(0.17-0.44 ap{u), while Mnl+ (0-0.09, rarely up to 0.27
ap{u), Mg (max. 0.16 apjit), Na (max. 0.09 apju) and Ca
(max. 0.04 ap{u) represent minor elements. The content
of Cu in A-site of UNK7 is only 0.04 apju, in conformi
ty with the two observed trends of isomorphism in the
arthurite group. These are the Cu-Fe-Mn and Zn-Fe-Mn
trends, with limited substitution Cu-Zn. In the B-site
(Fig. 32), in addition to dominating Fe3+ (1.49 to 1.95
apjit), aluminium (AI max. 0.49 ap{u) and minor Ti to
0.06 apfu is present. The tetrahedral T-site is dominated
by P in the range of 1.48-1.96 apfu, in part substituted
by As (0.03-0.52 apjit) and invariable minor Si and S con-
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Ta b Ie I 7 Chemical composition of UNK7 (in wI. 'iiI

1--1 mean ·-1-.·-2-·· --3-- 4 5

-Na.,o r-oA I ------o.t 2 ------0.32 -----0.25 .- 0.5 R 0.6 I
K,o I 0.02 0.00 0.00 0.00 0.00 0.11
CuO 0.38 0.10 0.74 0.00 0.26 0.14
MnO 0.78 4.02 0.00 0.10 0.00 0.39
ZnO 10.95 6.03 8.16 7.49 12.04 13.12 17.20
BaO 0.02 0.01 0.00 0.06 0.00 0.07
SrO 0.01 0.00 0.00 0.05 0.00 000
CaO 0.33 0.24 0.07 0.08 0.35 0.42
MgO 0.37 1.00 1.43 0.14 fl.O 1 0.07
FeO* 5.27 2.93 4.57 5.16 7.24 5.85
Fe,03 30.44 32.48 34.72 28.74 32.09 29.09 33.75
AI,O] 2.80 0.52 0.52 0.75 2.82 3.80
SiO, 0.04 0.10 0.00 000 0.00 0.09
TiO, 0.40 0.24 0.00 0.91 0.00 0.96
As,O, 3.46 10.52 3.45 11.58 1.21 0.R6
P,O, .129.12 23.19 29.45 20.25 31.71 3137 30.00
H,o** 20.00 19.30 19.92 18.n 20.22 20.32 19.04
total 104.81 100.80 103.35 94.34 108.51 107.27 100.00
Na I 0.060 0.019 0.047 0.042 0.082 O.08R

~a ~:~~~ ~:~~~ ~:~~~ ~:~~~ ~:~~~ ~:~~~
Fc'- 0.332 0.194 0.286 0.372 0.441 0.361
Sa I 0.00 I 0.000 0.000 0.002 0.000 0.002
Sr 0.000 0.000 0.000 0.002 0.000 0.000
Mg 0.041 0.118 0.160 O.OIR 0.001 0.007
Cu I 0.021 0.006 0.042 0.000 0.014 O.OOR
Mn 0.050 0.270 0.000 0.007 0.000 0025
Zn 0.610 0.353 0.451 0.477 0.647 0.715
A total 1.144 0.981 0.990 0.928 1.212 1.249
AI" I 0.249 0.049 0.046 0.076 0.242 0.331
Fe]~ 1.728 1.937 1.954 1.864 1.75R 1.616
Ti4+ • 0.023 0.014 0.000 0.059 0.000 0.053
B total I 2.000 2.000 2.000 2.000 2.000 2.000
Si 0.003 0.008 0.000 0.000 0.000 0.007

I As . 0.137 0.436 0.135 0.522 0.046 0.033
P . 1.860 1.556 I.R65 1.478 1.954 1.960

I Ttotall 2.000 2.000 2.000 2.000 2.000 2.000

I
H 10.243 9.954 9.926 9.R78 10339 10.440

,

OHH
O

1_ 2.24R 1.949 1.933 1.873 2.342 2.446
~ , 3.997 4.002 3.996 4.003 3.999 3.997

Empirical fonnulas were calculated on the basis of (P+As+Si+S) ~ 2;
1--5 - representative analyses and mean of II spot analyses of UNK7;
6 - theoretical composition calculated from the formula Zn
Fe;-,(p04),(OH), . 4H,o.
* calculation of Fe to Fe'~ and Fe'- is based on the assumption that
Fe" preferentially (';ogether with AI" and Ti 4

') occupied thc position
B'+ and only the surplus Fe (above 2 p!iI) entcrs the position N- as
Fe'.
** H,O content calculated from thc general fonnula (H20~' 4) and char
ge balancc.

tents (Fig. 33). The empirical formula for the phase UNK7
(average of II spot analyses), calculated on the basis of T

= 2, is (Zn06le2+0.33Nao.06MnoosCaomCuoo)nlo(Fe3'l73AI025
Ti01l2\200[(PO4)lS6(AsO4)014]l:200(OH)225 .4Hp.

UNK8 FeAI phosphate (arthurite group)
Fe2+AP\(P04MOH)2·4HzO

UNK8 has been identified in cavities 2-3 cm in diame
ter in former triplite accumulations, nearly completely al
tered to compact pink-brown fluorapatite from the Hu
ber open pit (Sejkora et af. 2006c). It associates with
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Ta bl e I 8 Chemical composition of UNK8 (in wI. %)

mean I 2 3 4
Na_O 0.01 0.00 0.04 0.00
K,O 0.08 0.11 0.05 0.08
CuO 11.10 10.64 11.19 11.48
MnO 0.04 0.09 0.00 0.02
ZnO 0.50 0.43 0.61 0.48
BaO 0.10 0.04 0.25 0.02
SrO 0.10 0.17 0.12 0.02
CaO 0.14 0.11 0.19 0.12
PbO 0.03 0.00 0.10 0.00
FeO* 15.23 14.12 15.07 16.38 17.70
Fe20 3

* 3.54 6.53 4.23 0.00
AI20 3

19.92 18.12 19.33 22.32 25.12
SiO_ 0.03 0.06 0.03 0.00
Ti02 0.71 0.72 0.70 0.72
As20 S

0.50 0.57 0.36 0.56

P20S 31.17 31.25 31.02 31.24 34.97
H2O** 21.64 21.50 21.58 21.90 22.20
total 104.86 104.46 104.86 105.32 100.00
Na 0.002 0.000 0.005 0.000
K 0.008 0.010 0.005 0.008
Ca 0.011 0.009 0.015 0.009
Fe2' 0.955 0.881 0.952 1.024 1.000
Ba 0.003 0.001 0.007 0.001
Sr 0.004 0.007 0.005 0.001
Pb 0.001 0.000 0.002 0.000
Cu 0.629 0.600 0.638 0.648
Mn 0.002 0.006 0.000 0.001
Zn 0.028 0.023 0.034 0.026
A total 1.642 1.536 1.665 1.719 1.000
AP' 1.760 1.593 1.720 1.968 2.000
Fe)' 0.200 0.367 0.240 0.000
Ti" 0.040 0.040 0.039 0.040
B total 2.000 2.000 2.000 2.008 2.000
Si 0.002 0.004 0.003 0.000
As 0.019 0.022 0.014 0.022
P 1.978 1.973 1.983 1.978 2.000
Ttotal 2.000 2.000 2.000 2.000 2.000
H 11.308 11.102 11.354 11.507 10.000
OH 3.313 3.099 3.356 3.509 2.000
H,o 3.997 4.002 3.999 3.999 4.000

Empirical formulas are calculated on the basis of (P+As+Si+S) =2;
Average composition and I, 2, 3 -- spot analyses of UNK8;
4 -- theoretical composition calculated from the formula
Fe2+AP+/P04)2(OH)2 .4H2O.
* calculation of Few, to Fe'+ and Fe'\+ is based on the assumption that
Fe 3+preferentially (together with AP+ and Ti4+) occupied the position
BJ +and only the surplus Fe (above 2 pfu) enters the position A2+as Fe'+.
** H

2
0 content calculated from the general formula (H20 =4) and

charge balance.

cupancy of the individual structure sites is discussed with
the phase UNK6. Variation in totals of the individual spot
analyses of UNK8 in the range of 94-106 wt. % (after
inclusion of calculated H

2
0 content) indicate dehydration

of the studied sample in vacuum and its instability un
der electron beam (Table 18). The A-site in UNK8
(Fig. 31) is dominated by Fe2

+ (0.88-1.02 apjil), accom
panied by Cu (0.60-0.65 apfil) , minor Zn (max. 0.03
apfu), and Ca (max. 0.01 apfu). The dominant element
in the B-site (Fig. 35) is Al (1.59-1.97) apfu and Fe3+

(max. 0.37 apfu), and minor Ti (max. 0.04 apfu). The tet
rahedral T-site (Fig. 36) is nearly completely occupied by
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abundant leucophosphite, fluorapatite, UNK6, less com
mon UNK7, minerals of the chalcosiderite-turquoise se
ries, exceptional whitmoreite and UNKI. UNK8 was ob
served as a single irregular zone 30 by 40 11m in size, in
a UNK6 crystal. Owing to the minimal dimensions, the
phase could not be studied by X-ray powder diffraction.
Its classification with the arthurite group is based on sto
ichiometry of chemical composition and intergrowth with
UNK6.

The chemical composition of minerals ofthe arthurite
group can be expressed by a general formula
AB

2
(T0

4
)2(OH,O)2 . 4Hp. A detailed discussion of oc-

Fig. 35 Ternary plot Fe3 -Ti-AI of B-site occupancy (atomic ratios) for
arthurite group mineral phases (UNK8, whitmoreite and earlshanno
nitc) from Krasno.

Fig. 34 Ternary plot of Zn-Mn'--(Fc"+Cu) occupancy ofA-site (atomic
ratios) for arthurite group mineral phases (UNK7, earlshannonite and
eu-poor whitmoreite) from Knisno.
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Fig~ 36 Ternary plot P-(S+Si)-As of T-site occupancy (atomic ratios)
for arthurite group mineral phases (UNK8, whitmoreite and earlshan
nonite) from Knisno.

P (1.97-1.98 ap(u) with minor substitution of As in the
range of0.01 to 0.02 ap(u. The empirical formula of UNK8
(average of three spot analyses) on the basis T = 2.00 is

(Fe
z
+096CU O63Zn omCao01 )); 1.63 (Al,.nFe3+o.2oTioo4)l.:2.011

[(P04)19R(As04\02\:200(OH\31·4HzO
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UNK9 Fe-Mn phosphate -
(Mn2+,Fe2+)2(Fe3+,Al)3(PO4)3(OH)4 . H

2
0

UNK9 is fairly abundant in several samples of phosphate
accumulations collected at the 5'h level of the Huber shaft
(Sejkora et al. 2006c). It occurs in parts where triplite is
nearly completely replaced by younger minerals of the
rockbridgeite - frondelite series. These black phosphates
with greenish or brownish shade are in tum partly altered,
giving rise to aggregates of blue-grey phosphosiderite. In
some specimens, UNK9 is younger than phosphosider
ite, in other specimens it is older, as it is overgrown by
younger phosphosiderite. The youngest minerals in this
association are light pink morinite, beraunite grains and
purple-red strengite, acicular crystals of natrodufrenite
and compact aggregates of K-Mn oxide enclosing semi
spheroidal fluorite.

UNK9 typically occurs as light to dark brown tabular
aggregates of crystals (Fig. 37),2-3 mm in size, in mi
nor cavities 2 to 3 mm in diameter. The aggregates are
composed of imperfect (Figs 38 and 39) transparent, tab
ular to scaly crystals up to 0.5 mm long, with a vitreous
to pearly lustre. The phase has a yellow-brown streak
with a slight green shade.

X-ray powder data for UNK9 from Knisno (Table 19)
correspond well to data for the unnamed Fe-Mn "duf
renite-like" mineral from Buranga, Rwanda (Knorring
Sahama 1982). However, it is not possible to index
X-ray powder diffraction data correctly on the basis of

Fig. 37 Dark brown
crystalline aggregates
of UNK9, Knisno.
Width of the area
shown 3.5 mm. Nikon
SMZ 1500, photograph
by J. Scjkora.
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Tab 1e I 9 X-ray powder diffraction pattern of UNK9

-[ *-d*l----rh--Y]26
20 2.080
20 2.040
20 1.980
40 1.950
20 1.880
20 1.850
20 1.820
20 1.790
20 1.750
40 1.730

26 1.7855
29 1.7417
56 1.7227

.~~
40 2.1154
28 2.0700
36 2.0301

7 1.9820
36 1.9432
10 1.8812
9 1.8506

-- -

d [ *-d*__ ,,:1 _

3.016 60 3.020
2.942 20 2.950
2.879 20 2.880
2.806 20 2.820
2.764 20 2.750
2.701
2.625
2.504
2.4466
2.2829

60 2.630

10 2.510 I'

60 2.440
20 2.300

_;'_.:_~~;__ ~~ E~~ ._1_.

~
87
33
9

42
10
27
66
12
II
19

35
14

I * d*
"'--

40 6.93
20 6.43
40 5.22
60 4.86
20 4.43
40 4.23
20 4.03
20 3.88
40 3.734

100 3.464
80 3.264
80 3.218

60_3.1_51_. _1_

13 5.185
17 4.843
14 4.363
35 4.231
56 4.021
29 3.883
42 3.730
98 3.447
91 3.263

100 3.212
33 3.148

_.['d d
71 6.916

[",* and d* - unnamed mineral (dufrenite-like), Buranga, Rwanda (Knorring - Sahama, 1982).

Fig. 38 Aggregates of tabular crystals of UNK9 (light) deposited on
phosphosideritc aggregate (dark), accompanied by granular fluorapa
tite (F) and finely fibrous Mn-rich dufrenite (D) aggregates. Width of
the area shown 500 ).1m. Cameca SX100, BSE photograph by J. Sej
kora and R. Skoda.

Fig. 39 Group oftabular UNK9crystals, Knisno. Width of the area shown
180 ).1m. SEM photograph Jeol JSM-6380, 1. Sejkora and 1. Phisil.

monoclinic unit-cell parameters (a= 6.44(2), b=6.93(2),
c=19.43(3), B=93.25°) proposed by Knorring - Sahama
(1982). However, it should be noted that the X-ray pow
der data for UNK9 show closer relations to those of the
rockbridgeite - frondelite series than to published data
for dufrenite-like minerals (dufrenite, natrodufrenite,
burangaite).

Knorring - Sahama (1982) published for the phase
from Buranga, analogous to UNK9, chemical analysis of
major elements but did not present empirical formula. On
the basis of coincidence of the X-ray powder data (of
poor quality) with an unnamed "dufrenite-like" Fe phos
phate, which was not analyzed (Frondel 1949), from
Rothliiufchen mine (Germany), they suggested that the
mineral is close to dufrenite. An unnamed author of the
entry No. 35~725 in the data-base of X-ray powder pat
terns PDF2 gave for this unnamed phosphate an ideal
formula (Fe,Mn)/P0

4
)/OH)s . 2Hp, in analogy to the

dufrenite formula proposed by Frondel (1949). However,
a characteristic feature of dufrenite-like minerals (duf
renite, natrodufTenite, burangaite) is the presence ofNa,
K and Ca, not previously discussed. In addition to dif
ferences in chemical composition, UNK9 differs from du
frenite-like minerals by X-ray diffraction pattern.

We believe that it is appropriate to express the chemical
composition of UNK9 (Table 20) by a general formula
A2B3

(P0
4
MOH)4 . H20. It is assumed in the calculation

that A -site is occupied by M 1+and M2+elements includ
ing Mn (as Mn2+) and Fe2+. Ferrous iron is derived as sur
plus Fe above the relation (Fe+Al+Ti) = 3 in B-site. A sim
ilar behaviour of Mn and Fe, as observed in minerals of
the rockbridgeite - frondelite series (Mn is bound only as
Mn2+; Fe is dominantly ferric, but some ferrous iron is also
present), is characteristic. Note that rockbridgeite - fron
delite minerals occur in close association with UNK9.

A-site in UNK9 (Fig. 40) is dominated by Mn (1.16
to 1.99 apfu), followed by Fe2+(0-0.51 apfu), minor Ca
(0.01-0.13 apfu), Na (0-0.13, exceptionally 0.22 ap{u),
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Tab I e 2 a Chemical composition of UNK9 (in wI. %)
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Fig. 40 Ternary plot Fe"-Mn'--(Ca+Na+Zn etc.} of A-site occupancy
(atomic ratios) for UNK9 from Knisno.

15

• UNK9, Krasno (thIS paper)
... unnamed phosphate, Buranga (Knorring - Sahama 1982)

5 6*
0.22 0.00
0.23 0.00
0.86 0.32
0.00 0.00
0.18 0.00
0.00 0.00
0.00 0.00

19.39 21.90
0.23 0.00

31.82 34.65
2.27 0.00
0.07 0.00
0.00 0.00
0.00 0.00

31.46 30.80
0.06 0.00
8.00 8.25

94.79 95.92
0.047 0.000
0.027 0.000
0.081 0.031
0.000 0.000
0.030 0.000
0.000 0.000
0.000 0.000
1.846 2.134
0.019 0.000
2.051 2.165
2.693 3.000
0.301 0.000
0.006 0.000
3.000 3.000
0.000 0.000
0.000 0.000
2.995 3.000
0.005 0.000
3.000 3.000
6.001 6.331
4.067 4.330
0.967 1.001

mean I 2 3 4---+--- ~-----~

Na,O 0.24 0.01 0.08 0.13 0.09
CaO 0.39 0.11 0.13 0.08 0.05
FeO* 2.70 1.99 0.77 1.95 2.38
BaO 0.D7 0.11 0.00 0.00 0.23
MgO 0.15 0.10 0.310.58 0.53
PbO 0.06 0.12 0.00 0.00 0.06
CuO 0.10 0.00 0.00 0.00 0.29
MnO 17.39 18.86 20.70 17.93 18.03
ZnO 0.24 0.23 0.20 0.05 0.03
Fe,O/ 33.59 34.62 31.17 31.20 30.92
AI,O, 0.86 0.45 2.98 2.32 2.42
Ti0

2
0.07 0.35 0.08 0.02 0.02

SiO, 0.04 0.06 0.00 0.05 0.00
Asp, 0.06 0.09 0.22 0.09 0.14
P,o, 31.00 31.54 31.76 30.87 30.76
SO) 0.03 0.04 0.03 0.00 0.03
H,O** 8.00 8.00 8.00 8.00 8.00
total 94.99 96.68 96.42 93.26 93.97
Na+ 0.053 0.002 0.0 17 0.028 0.0 19
Ca2+ 0.047 0.013 0.016 0.010 0.007
Fe'+ 0.257 0.186 0.072 0.186 0.229
Ba'- 0.003 0.005 0.000 0.000 0.010
Mg'+ 0.026 0.0 17 0.051 0.099 0.091
Pb2+ 0.002 0.004 0.000 0.000 0.002
Cu'- 0.008 0.000 0.000 0.000 0.D25
Mn" 1.678 1.786 1.947 1.736 1.752
Zn" 0.020 0.019 0.016 0.004 0.002
LA-site 2.094 2.033 2.118 2.063 2.137
Fe)' 2.878 2.912 2.604 2.685 2.671
AP- 0.116 0.059 0.390 0.313 0.327
Ti4+ 0.006 0.029 0.006 0.002 0.001
L B-site 3.000 3.000 3.000 3.000 3.000
Si4+ 0.005 0.007 0.000 0.006 0.000
As' 0.004 0.005 0.013 0.005 0.008
p5+ 2.989 2.985 2.985 2.989 2.989
S'd 0.003 0.003 0.002 0.000 0.003
L T-sitc 3.000 3.000 3.000 3.000 3.000
H' 6.077 5.966 5.924 6.103 6.125
OH 4.139 4.088 4.228 4.095 4.260

LH,o 0.969 0.9_39__0._848 1.004 0.933

Fig. 41 Part of ternary plot AP'-Fe3+-Ti4- of B-sile occupancy (atomic
ratios) for UNK9 from Knisno.
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I • UNK9. Krasno (thiS paper) I
... unnamed phosphate, Buranga (Knorring - Sahama 1982} I

'------------------------'

mean of all 23 spot analyses. 1-~-5 - representative spot analyses;
6* - unnamed mineral (dufrenite-like), Buranga, Rwanda (Knorring
Sahama, 1982). Empirical formulas were calculated on the basis of
(P+As+Si+S) = 3;
*calculation of Fe

l
" to Fe'+ and Fe'" is based on the assumption that

Fc3+ (jointly with AP+ and Ti 4 ') preferentially tills the B position; only
Fe in surplus, above 3 ap/it, enters thc A position as Fe'+;
H,O** content determined by thermal gravimetric analysis (Thermo
balance TG-750 Stanton-Redcroft).

35
65

Cu and Zn (max. 0.04, 0.06 apfu, respectively), and mi
nor Ba, Mg and Pb to 0.01 apjil. The total occupancy of
A-site in UNK9 is 1.76 to 2.34 apjil. In the B-site
(Fig. 41) FeJ- is the dominating cation ranging from 2.60
to 2.98 apjit. Al content is 0.02-0.12 apjit and 0.29-0.39
apfu and minor Ti to 0.03 apfu. Variable Al content in
the B-site does not correlate with Mn content or other el
ements in A-site of UNK9. The tetrahedral T-site is oc
cupied almost exclusively by P (2.98-3.00 apjit), while
Si is only to 0.02 apjil, As and S are to 0.01 apjit in max
imum. The empirical formula for average composition
(n = 23 spot analyses) of UNK9 on the basis of
(P+As+Si+S) = 3 is (MnI6SFe2+026Nao05CaO.04MgoOJ

Zn002)~20sCFeJI2SsAlOI2\:JOO(P04)299(OH)414' 0.97H20. The
empirical formula for unnamed FeMn-phosphate from
Buranga (Knorring - Sahama 1982), on the same basis
as above, is (Mn2IJFeo03)~2~16Fe]Oo(P04),Oo(OH)41J.
1.00Hp.

UNK10 Fe phosphate
(D,Cu)Fe3\(p°4)2(POPHMOH)g.4Hp

UNKIO has been found in a s' 'gle specimen from the
Huber open pit, in weathered cavities 2 by 3 cm in size,
in phosphate accumulation of light pink fluorapatite and
isokite with trip lite relics (Sejkora et al. 2006c). The cav-
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ities carry small « 1 mm) crystalline aggregates of
UNK3, overgrown by zoned minerals of the turquoise
group, pharmacosiderite, UNK1, and rare kolbeckite and
Cl-rich fluorapatite. During the quantitative chemical
study of the zoned aggregates of turquoise group miner
als, the phase has been found as several irregular zones
to 20 by 50 flm in size (Fig. 42).

Owing to small dimensions of UNKIO it was not pos
sible to examine this phase by X-ray powder diffraction.
Its classification with the turquoise group is based on
chemical composition and its presence as zones in min
erals of the turquoise group.

The quantitative chemical analyses of UNKIO (Ta
ble 21) shows that it is a new mineral phase with stoichi
ometry corresponding to the turquoise group. The gen
eral formula of minerals of the turquoise group is
AB

6
(TO)4)TOlOH)/OH\ . 4Hp, where x = 0-2 in

dependence on occupancy of the A-site (Foord - Taggart
1998). The A-site can be occupied by Cu (turquoise, chal
cosiderite), Zn (faustite), Fe 21 (aheylite) and vacancy
(planerite); B-site is occupied dominantly by Al and less
er Fe (chakosiderite and unnamed Fe2+ - Fell dominant
member); the tetrahedral T-site is occupied in known
members of the series always by phosphorus (Foord 
Taggart 1998).

The A-site of UNKIO contains Cu (0.17-0.41 apfu),
Zn (0.02-0.06 apfit) and only minor Mn, Ba (max. 0.02
aplu) and Pb, Ca (max. 0.01 aplit). These compositional
data show dominant vacancy in this position, ranging
from 0.51 to 0.78 apfit (Fig. 43). B-site is dominated by
Fe (5.03-5.25 apfu) , Al corresponds to 0.76-0.88 aplu
and Ti does not exceed 0.01 apjit. The tetrahedral T-site
contains dominant P (3.37-3.46 apfit), regular As (0.52--

Fig. 43 Ternary plot Cu-D-(Fe'+Zn) of A-site oeeupancy (atomic ra
tios) for A-deficient members of the turquoise group.

Average composition and 1, 2, 3 - spot analyses of UNKIO.
Empirical formulas were calculated on the basis of (P+As+Si+S) ~ 4;
* H,O content calculated from the general formula [(OH) ~ 8, H,O = 4]
and charge balance.

Fig. 42 Irregular zones of UNKIO (marked by U) in zoned aggregates
of the turquoise group minerals, which overgrow aggregate of UNK3
tabular crystals (light). Aggregates of UNK I (tabular crystals - 1) and
pharmacosideritc crystals (light - P) are present at the margin. Width
of the area shown 300 11m. Cameca SXIOO, BSE photograph by J. Se-
jkora and R. Skoda.

Ta b Ie 21 Chemical composition of UNKlO (in wI. %)

_._----_.-

n1can I 2 3
-- -------

CaO 0.03 0.06 0.02 0.00
BaO 0.11 0.00 0.33 0.00
PbO 0.09 0.08 0.18 0.00
CuO 2.33 1.49 2.03 3.47
MnO 0.09 0.04 0.08 0.16
ZnO 0.33 0.16 0.30 0.54
AI,O, 4.38 4.12 4.27 4.76
Fe,O, 43.41 43.44 44.19 42.60
TiO, 0.05 0.05 0.04 0.05
SiO, 0.04 0.04 0.06 0.03
As,O, 7.10 7.50 7.42 6.39
P,O, 25.56 25.37 25.26 26.05
SO, 0.07 0.09 0.00 0.12
H,O 16.64 17.09 16.38 16.51
total 100.23 99.52 100.55 100.67
Ca" 0.004 0.010 0.003 0.000
8a" 0.007 0.000 0.020 0.000
Pb" 0.004 0.003 0.008 0.000
Cu" 0.276 0.176 0.242 0.411
Mn2+ 0012 0.005 0.011 0.021
Zn 2 ' 0.039 0.019 0.035 0.063
0 0.658 0.786 0.682 0.505
2: A-site 1.000 1.000 1.000 1.000
FeJ + 5.135 5.127 5.253 5.026
AP+ 0.811 0.761 0.794 0.879
Ti4+ 0.006 0.006 0.005 0.006
2:B-site 5952 5.894 6.053 5.910
Si4

' 0.007 0.006 0.009 0.005
As" 0.584 0.615 0.613 0.524
P" 3.40 I 3.369 3.378 3.457
S" 0.008 0.010 0.000 0.014
2: T-sitc 4.000 4.000 4.000 4.000
H' 17.448 17.880 17.261 17.266
POJOH 1.451 1.880 1.256 1.265
P0

4
1.950 1.489 2.122 2.192

OH 8.000 8.000 8.000 8.000

H,()_J_ 3.999 4.000 4.002 4.001
-----_.
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0.62 apjit) and minor Sand Si (max. 0.01 apjit). Similar
contents of As in T-site (max. 0.60-0.64 apju) were re
ported in minerals of the cha1cosiderite - turquoise from
the Huber open pit (Sejkora et al. 2006c) and from greis
en at the Vysokem kamen quarry near Krasno (Sejkora et
al. 2006a). The empirical formula for UNKI0, based on
average of three spot analyses and the relationship
(P+As+S+Si) = 4, is (Do67CuonZno04Mnool)l:IOO
(Fesl4Alosl Tiool )l:596[(PO4)19S(P03OH) 14sCAsO4)05S(SO4)001
(Si04)oOlboo(OH)soo' 4Hp.

UNKlO is the first Fe3~ member of the turquoise group
with dominating vacancy in the A-site; its AP+ analogue
- the mineral planerite (Foord - Taggart 1998) is known
for a longer time from numerous localities.

UNKll Ca-Fe phosphate 
(Ca,Bi)(Fe,Al)3(P04)(P030H)(OH)6

UNKll has been found in cavities in quartz in greisen
samples collected behind the area of the former Stannum
mine. The material originates in the Huber open pit and
it was transported to the place of a secondary occurrence
(Novak et al. 2001). UNKll in a mixture with Sr-Bi-rich
crandallite occurs as light yellow-white, yellow-brown or
grey aggregates among quartz crystals and mat earthy
crusts up to 3 mm thick on cassiterite and quartz. Soft
white dickite aggregates and thin brown-yellow or yel
low coatings of varlamoffite (Novak et al. 2001) occur
in a close association with UNKll.

Novak et al. (2001) reported that "bismutian jerri
crandallite" (i.e., the phase UNKll) very closely asso
ciates with Sr-Bi crandallite and the two phases are mac
roscopically indistinguishable. The single additional in
formation about this mineral phase is the following
average of three spot analyses (ED analyzer; the analy
ses were probably normalized to 100 wt. %, fluorine was
not analyzed): 14.63 Bip], 4.07 CaO, 3.80 SrO, 1.82
CuO, 12.45 Alpv 23.43 Fep3' 16.36 Pps' 11.52 Asps,
2.23 S03' 10.17 Hp (calculated on the basis of charge
balance and (OH) = 6), total 100.48 wt. %. With regard
to the general formula of the crandallite group
N+·3'B3~.2+/T04)(TOPH)(OH)6'it is possible to express
the empirical formula for UNKll on the basis of

(P+As+S) = 2 as (CaoAOBiOJOSr02o)m9s(FeI64AI136CuOIJ)nI3
[(PO4)0 96(POPH)0 32(AsO4)006(SO4)0 16]l:Z OO(OH)6 00' Al
though there are high Bi, Al and As contents in individ
ual sites, the empirical formula defines a new mineral
species - Ca-Fe-P dominated member of the crandallite
group (Fe analogue of crandallite or Ca analogue of zair
ite ).

Conclusion

The complex mineralogical study in the Krasno - Homi
Slavkov area, western Bohemia, Czech Republic, indi
cates the presence of the following eleven probably new
mineral species:
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UNKI - hexagonal, (Ca,Sr)3AI7(Si04)/P04MF,OH)3 .
16.5 Hp

Probably fluorine analogue of perhamite, defined on
the basis of X-ray powder diffraction data, refined unit
cell parameters and quantitative chemical analyses. A
mineral phase of comparable composition is not described
in the available literature.

UNK2 - triclinic, CU I3(As04)6(AsOPH)4 . 23 Hp
A Cu-arsenate that is structurally different from known

minerals and synthetic materials. It is defined on the ba
sis of X-ray powder diffraction data, refined unit-cell
parameters and semi-quantitative chemical analyses. In
the course of study of this phase in samples trom Kras
no, well-formed crystals of UNK2 have been found in
samples from the Jachymov ore district (Krusne hory
Mts., Czech Republic). Results of a detailed study of
these crystals, including quantitative chemical analyses
and crystal structure identification based on single-crystal
X-ray diffraction were submitted as a new mineral proposal
to the Commission on New Minerals and Mineral names
of the International Mineralogical Association. The pro
posal was approved under the number IMA 2004-38 as a
new mineral species.

UNK3 - orthorhombic ('1) - Zn(Fe,Zn,A1)/PO)/OH)4 ('1)
Probably Zn analogue of rockbridgeite and frondelite,

defined on the basis of X-ray powder diffraction data,
refined unit-cell parameters and quantitative analyses. No
description of a mineral phase of comparable composi
tion has been found in the literature.

UNK4 - trigonal ('1),CaAI
3
(PO)(POPH)(OH,F)6 ('1)

Fluorine-rich Ca-AI phosphate, probably structurally
related to crandallite. It was defined in mixture with flu
orapatite on the basis of X-ray powder diffraction data,
refined unit-cell parameters and quantitative analyses. No
description of a mineral phase of comparable composi
tion has been found in the literature.

UNK5 - Pb(UOz)P/OH)z . 3Hp ('1)
Pb-U-oxide/hydroxide mineral without direct structur

al relation to known mineral species. It is defined on the
basis of X-ray powder diffraction data and chemical com
position, which is near to the composition of masuyite.
The X-ray data indicate that this phase is identical with
the unnamed mineral ("PbO-UOJ-HZO phase") from
Rovnost mine, Jachymov (Ondrus et al. 1997).

UNK6 - monoclinic, CuFeJ'
2
(P0

4
)2(OH)z .4Hp

Cu, Fe3+, P - dominant member of the arthurite group,
P-analogue of arthurite, defined on the basis of X-ray
powder diffraction data, refined unit-cell parameters and
quantitative analyses.

A mineral phase from Hingston Down, Consols mine,
Cal stock, Cornwall (Great Britain), probably identical
with UNK6, is mentioned by Frost et al. (2003) under
the name of arthurite; however, the data by Frost et al.
(2003) are only of a preliminary character.

UNK7 - monoclinic ('1), ZnFe 31 /P04)/OH)2 .4Hp
Zn, Fe]+, P -- dominated membcr of the arthurite

group, P-analogue of ojuelaite, has been defined on the
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basis of chemical analyses. No description of a mineral
phase of comparable composition has been found in the
Iiterature.

UNK8 - monoclinic (7), Fe2+Al/P04MOH)2 .4Hp
Fe2~, Api, P - dominant member ofthe arthurite group,

AI-analogue ofwhitmoreite, defined only on the basis of
chemical analyses. No description of a mineral phase of
comparable composition has been found in the literature.

UNK9 - monoclinic, (Mn2+,Fe2+)/Fe3-,AIMP0
4
MOH)4

. HoO
Fe-Mn phosphate, unrelated to compounds of a simi

lar composition. It is defined on the basis of X-ray pow
der diffraction data and quantitative chemical analyses.
The phase is probably identical with unnamed "dufrenite
like" mineral from Buranga (Knorring - Sahama 1982)
and related to (Mn analogue of 7) an unnamed Fe phos
phate from Rothlaufchen mine, Waldgirmes (Frondel
1949).

UNK10- triclinic ('1), (D,Cu)Fe3\(P04)/P0
3
0H)2

(OH)g .4H
2
0

D, Fe}+, P - dominant member of the turquoise group,
Fe3+-analogue of planerite, defined only on the basis of
quantitative chemical analyses. No description of a min
eral phase of comparable composition has been found in
the literature.

UNKll trigonal(7), (Ca,Bi)(Fe,AI)3(P04)
(POPH)(OH\

Ca, Fe3-, P - dominated member of the crandallite
group, Ca-analogue of zairite or Fe3+-analogue of cran
dallite, defined only on the basis of quantitative chemi
cal composition. No description of a mineral phase of
comparable composition has been found in the literature.
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Nove mineralni faze z oblasti Krasno - Horni Slavkov, zapadni Cechy, Ceska republika

V pracije popsano jedenact pravdcpodobnc novych mineralnich druhu, pochitzejicich z oblasti Krasno - Horni Slavkov, zapadni C:echy. ('eska republika.
Mezi zjistenYmi nOvYmi druhy prevazuji supergenni fosfaty, dale byl zjisten i jeden arsenat a hydroxid Pb-U. Podany jsou vsechna dostupna fyzikalni a
chemicka data pro jednotlive zjistcnc nove mineralni druhy, stejnc jako citace souvisejici literatury.




