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The present detailed research is focused on minerals of phosphate accumulations collected in the Huber open pit and at the 5" level of the
Huber shaft, Krasno ore district, Slavkovsky les area, Czech Republic. The following minerals have been identified at the studied localities:
benyacarite, beraunite, cacoxenite, chalcosiderite, crandallite, dufrénite, earlshannonite, fluellite, fluorapatite, frondelite, goyazite, isokite,
kolbeckite, leucophosphite, morinite, natrodufrénite, phosphosiderite, rockbridgeite, strengite, triplite, turquoise, vivianite, wavellite,
waylandite, whitmoreite and zwieselite. A brief review of evolution of the phosphate mineral associations at the two studied localities is

presented.
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Introduction

Phosphate accumulations of variable size represent a rel-
atively common minor component of greisen bodies and
associated quartz veins (Beran — Sejkora 2006). Their
occurrence in greisen is localized in masses of white com-
pact quartz, showing at places coarse-grained structure.
Our research included a detailed study of phosphate ac-
cumulations exposed at various places of the floor of the
Huber open pit. The accumulations vary in size from sev-
eral millimetres up to 30 cm. Late hydrothermal to prob-
ably supergene alterations are a characteristic feature.
The second set of samples studied comes from a well-
documented phosphate accumulation encountered at the
5% level of the Huber shaft of the Stannum mine. No in-
dications of historical mining have been found in this
subarea. The crossing of P-5025030 and M-5025034 gal-
leries exposed an irregular mass of white compact quartz.
The observed part of this quartz body was triangular in
plan, with dimensions of 10 by 5 to 6 m, sited in greisen
and in greisenized granite. One meter wide mass of
coarse-grained topaz greisen, at places replaced by he-
matite and carrying oxidic Bi minerals, was exposed in
the margin of the quartz mass in the M-5025034 gallery.
Phosphate masses consisting of dominant fluorapatite and
triplite from 10 cm to 1 m in size were excentrically lo-
cated in white quartz mass at the right side of the same
gallery. Aggregates of dark Fe-Mn phosphates with pre-
dominating frondelite occurred along contacts of phos-
phate accumulations with white quartz and cavernous
corroded portions carrying crystals of younger phosphates
(strengite, turquoise-chalcosiderite etc.). For comparison,
two historical museum samples have been studied: NMCR

PIN 18.583 collected by F. X. Zippe before 1842 and
sample 18.585 collected by V. Wrany before 1902). The
samples with original labels “triplite, Horni Slavkov”
probably come from the Gellnauer vein system, as indi-
cated by the time of collection.

Beran (1999) described other large phosphate accumu-
lations from the VIII™level of the Schndd stock. At this
place, white quartz carried 1 m large triplite blocks as-
sociated with fluorapatite. The phosphate masses were
deformed and partly brecciated. At the X" level of the
same mine triplite aggregates (up to some dm in size)
occurred in association with fluorapatite and siderite.
However, no samples were available for our study from
these occurrences.

Methods of mineral identification

The surface morphology of samples was studied with the
optical microscope Nikon SMZ1500 in combination with
the digital camera Nikon DXM1200F, used for photog-
raphy in incadescent light. Detailes of surface morphol-
ogy were studied in secondary electron images using the
scanning electron microscopes Jeol JSM T-20 (Z. Mach,
Institute of fine ceramics, Karlovy Vary) and Jeol JSM-
6380 (J. Sejkora and J. Plasil, Faculty of Science, Charles
University, Prague).

If not stated otherwise, all minerals described in this
paper were identified by X-ray powder diffraction
analysis. To minimize complicated shape of back-
ground due to classic glass sample holder, the samples
studied were placed on the surface of flat silicon wa-
fer from suspension in ethanol. Step-scanned powder dif-
fraction data were collected using following instruments:
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HZG4-AREM/Seifert diffractometer (National Museum,
Prague) with a copper tube was operated at high-voltage
50 kV and tube current of 40 mA; and Philips X’Pert
MPD diffractometer (Czech Geological Survey, Prague)
with a metallo-ceramic copper tube was operated at high-
voltage of 40 kV and tube current of 40 mA. A graphite
secondary monochromator has been used to produce
CuKuo, o, radiation. The results were processed using
X-ray analysis software ZDS for DOS (Ondrus 1993),
Bede ZDS Search/Match ver. 4.5 (Ondrus — Skala 1997);
unit-cell parameters were refined by program of Burn-
ham (1962) and by program FullProf (Rodriguez — Car-
vajal 2005).

Quantitative chemical data were collected with the
electron microprobe Cameca SX 100 (J. Sejkora and
R. Skoda, Laboratory of electron microscopy and mi-
croanalysis of Masaryk University and Czech Geologi-
cal Survey, Brno). Studied samples were mounted in the
epoxide resin discs and polished. The polished 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 stability of analyzed phases under the elec-
tron beam. Stable phases were analyzed using 20 nA cur-
rent and 2 pm beam diameter. Less stable and highly hy-
drated minerals were analyzed using 10—4 nA and
10-30 um beam diameter. For smaller aggregates
(< 10 um) 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 adjust-
ed to particular composition of the analyzed mineral.
Volatile and major elements were analyzed first, followed
by stable, minor and trace elements. Elevated analytical
totals of minerals containing a large amount of hydroxyl
group or crystal water are generally caused by two fac-
tors: a) water evaporation under high vacuum conditions,
well documented by collapsed crystals; b) water evapo-
ration due to heating of the analyzed spot by electron
beam. The dehydrated domain is seen as a notably bright-
er spot in backscattered electron images. Lower analyti-
cal totals for some samples are primarily caused by their
porous nature or by poorly polished surface of soft or
cryptocrystalline minerals.

In order to minimize peak overlapping the following
analytic lines and crystals were selected: Ka lines:
F (PC1, fluorapatite/topaz), Mg (TAP, forsterite), Na
(TAP, albite), Al (TAP, sanidine), As (TAP, InAs), Si
(TAP, sanidine), Cu (TAP, dioptase), K (PET, sanidine),
P (PET, fluorapatite) Ca (PET, andradite), S (PET, bar-
ite), Ti (PET, TiO), CI (PET, vanadinite), Fe (LIF, andra-
dite), Mn (LIF, rhodonite), Ni (LIF, NiO), Zn (LIF, ZnO);
La lines: Y (TAP, YAG), Sr (PET, SrSO,), La (PET,
LaB,), Ce (PET, CeAl), Sm (LIF, SmF,); LB lines: Ba
(PET, benitoite), Pr (LIF, PrF,), Nd (LIF, NdF,); Ma
lines: Th (PET, ThO,), Pb (PET, vanadinite); MB lines:
Bi (PET, metallic Bi), U (PET, metallic U). Peak count-
ing times (CT) were 10 to 20 s for main elements and

30 to 60 s for minor and trace elements. CT for each
background was %2 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 pos-
sible, elements present in minor and trace abundances
were measured with highly sensitive crystals LPET a
LLIF. Raw intensities were converted to the concentra-
tions using automatic PAP (Pouchou — Pichoir 1985)
matrix correction software package.

Accurate determination of fluorine content in some of
the studied phases is important. Where possible, deter-
mination of fluorine was verified by measuring peak area
(integrated intensity); however, this procedure cannot be
applied to triplite-like and apatite-like minerals. This con-
trol was done irrespective of the note by Raundsep (1995)
that with multilayer crystal monochomators (PC1) the
effect of matrix is minimal. Fluorine contents measured
by the two methods are closely similar.

Review of identified mineral species
Benyacarite KMn** Fe** Ti(PO,),(OH,F), . 15H,0

The rare mineral has been found in small cavities in fron-
delite from phosphate acumulation at the 5" level of the
Huber shaft. Benyacarite forms small brittle and imper-
fectly developed crystals 0.1 mm in maximum size. The
mineral shows one perfect cleavage (Fig. 1) and a greasy
lustre.

Owing to small size of the crystals, the Ti-rich Fe-Mn
phosphate from Krasno has been identified as a mineral
close to benyacarite only on the basis of quantitative
chemical analyses (Table 1). After including the theoret-
ical content of H,O (c. 32 wt.%) the chemical analyses
show high totals in the range of 116-120 wt.%. Franso-
let et al. (1984) found in the course of analysis of the
structurally related mineral mantienneite dehydration in

Fig. 1 Imperfect benyacarite crystals in a cavity in frondelite aggre-
gate; dehydration in vacuum resulted in fracturing of the crystal along
a single set of perfect cleavages. Width of photo 200 um. Cameca
SX100, BSE photograph by J. Sejkora and R. Skoda.
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Table 1 Chemica composition of benyacarite (in wt. %)
Krésno* 1 Cerro Blanco Hagendorf Chelyabinsk theor.
1 2 3 mean Argentina* 2 Germany* 3 Russia*4 *5
Na,0 0.12 0.02 0.05 0.06 0.20
K,O 4.75 4.21 3.58 4.18 1.60 3.91 211 4.66
MnO 14.03 15.55 15.89 15.16 11.20 9.63 8.06 14.05
Cao 0.10 0.34
PbO 0.14 0.00 0.09 0.08
CuO 0.00 0.07 0.08 0.05
BaO 0.32 0.03 0.23 0.19
MgO 0.69 0.52 0.45 0.55 0.30 351
ZnO 0.10 0.00 0.33 0.15
FeO* 0.73 0.90 0.49 0.71 3.38 5.01 0.00
Fe,0.* 9.98 10.97 11.74 10.90 10.32 9.91 9.18 15.81
ALO, 3.59 243 2.32 2.78 0.70 1.60 4.25
As05 0.00 0.00 0.06 0.02
PO, 35.14 35.10 36.68 35.64 28.10 28.12 29.37 28.11
TiO, 14.05 14.85 15.63 14.84 12.30 11.32 8.54 7.91
F 0.35 0.23 0.28 0.29 1.50
O-F, -0.15 -0.10 -0.12 -0.12 -0.63 0.00 0.00
H,O** 31.86 31.88 32.18 31.98 29.51 30.21 31.41 29.45
total 115.70 116.65 119.95 117.44 98.58 100.05 96.43 100.00
Na 0.032 0.005 0.012 0.016 0.065 0.000 0.000
K 0.815 0.723 0.588 0.707 0.343 0.838 0.433
total M 0.847 0.728 0.601 0.723 0.408 0.838 0.433
Ca 0.000 0.000 0.000 0.000 0.018 0.061 0.000
Ba 0.017 0.001 0.012 0.010 0.000 0.000 0.000
Mg 0.138 0.104 0.086 0.109 0.075 0.000 0.842
Pb 0.005 0.000 0.003 0.003 0.000 0.000 0.000
Cu 0.000 0.007 0.008 0.005 0.000 0.000 0.000
Mn?+ 1.598 1.773 1.732 1.701 1.595 1371 1.098
Zn 0.010 0.000 0.031 0.014 0.000 0.000 0.000
Fe? 0.082 0.102 0.052 0.078 0.476 0.705
total M2 1.850 1.987 1.924 1.920 2.164 2.136 1.940
Al 0.569 0.386 0.351 0.434 0.139 0.317 0.806
Fe* 1.010 1111 1.137 1.087 1.306 1.253 1111
Ti“*(in M®) 0.421 0.503 0.512 0.479 0.555 0.430 0.033
total M3 2.000 2.000 2.000 2.000 2.000 2.000 1.950
Ti* (al) 1421 1.503 1.512 1.479 1.555 1.430 1.033
Ti** (in M*) 1.000 1.000 1.000 1.000 1.000 1.000 1.000
As™ 0.000 0.000 0.004 0.001 0.000 0.000 0.000
P 4.000 4.000 3.996 3.999 4.000 4.000 4.000
total P+As 4.000 4.000 4.000 4.000 4.000 4.000 4.000
F 0.148 0.098 0.115 0.120 0.798 0.000 0.000
H 32.820 33.109 32.842 32.929 32.495 33.541 32.192
OH 2.820 3.107 2.845 2.923 2.494 3.541 2.197
OH+F 2.967 3.206 2.960 3.043 3.291 3.541 2.197
H,O 15.000 15.001 15.000 15.003 15.001 15.000 14.998

*1 —this paper; *2 — Demartin et al. (1993); *3 — Pollmann et al. (1998); *4 — Kydryashova — Rozhdestvenskaya (1991); *5 — theoretical composition

of benyacarite KMn,Fe,Ti(PO,),(OH), . 15H,0
Empirical formulas were calculated on the basis of P+As = 4.00.

* —Fe,, calculated to FeO and Fe,O, on the basis of M3 and M2 occupancy of the general formula
** —H,0 content calculated from the general formula (H,O = 15.00) and charge balance

the vacuum of electron microanalyzer; at the same time,
dehydration thermal analysis indicates that H,O begins
to escape under relatively low temperatures, including
loss of 15 wt. % H,0O below 180 °C. The high totals of
analyses, after inclusion of the theoretical content of H,O,
can be explained by dehydration of the studied mineral
during preparation of the sample for analysis in vacuum.
These conclusions are supported by the presence of regu-
lar “dehydration” fractures in the studied sample (Fig. 1).

Data published by Fransolet ef al. (1984) and Peacor
et al. (1984) can be used to define a general formula

M"M* M** M*(PO,),(OH,F), . 15H,0 for benyacarite
and related minerals (mantienneite, paulkerrite). The M'
position of benyacarite from Krasno contains K (0.59—
0.82 apfu) and minor Na. Demartin et al. (1993) supposed
on the basis of crystal structure study of benyacarite that
K occupies cavities existing within the network of octa-
hedra and tetrahedra, in a similar way as H,O molecules,
and he proposed, in difference with other authors, two
M positions pfu (with H O > K). However, no mineral
related to benyacarite contains in the M'* position
(K+Na) higher than 1 apfu (the known maximum is 0.95
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®  besvacanite. Krksno (this paper)
¥ bemvacarite {published data)
B paulkerrite, Hillside, Anzoma (Pescor of . 1984)
£ mantienneite, Anlous, Cameroun (Fransolet of of. 1984)

Fig. 2 Ternary plot of M'* site occupancy (atomic ratio) in benyacar-
ite-related minerals; [0 — vacancy or H,O. The published benyacarite
data are from Cerro Blanco, Argentina (Demartin et al. 1993); Hagen-
dorf, Germany (Pollmann et al. 1998); Chelyabinsk, Russia (Kydryash-
ova — Rozhdestvenskaya 1991).
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Fig. 3 Ternary plot of M?" site occupancy (atomic ratio) in benyacar-
ite-related minerals; published benyacarite data are from Cerro Blan-
co, Argentina (Demartin ez al. 1993); Hagendorf, Germany (Pollmann
et al. 1998) and Chelyabinsk, Russia (Kydryashova —Rozhdestvenskaya
1991).

Table 2 Possible new mineral species related to benyacarite

apfu). Alternatively, besides the H,O content (derived
solely from the crystal structure study), Fransolet ez al.
(1984) and Peacor et al. (1984) prefer the role of vacan-
cies. According to the current rules of the mineralogical
system two additional mineral species (Table 2) would
be possible to define on the basis of occupancy of the
M'™ site (Fig. 2). Benyacarite from Krasno exhibits
K contents in the M'* position similar to the mineral from
Hagendorf (Pollmann ez al. 1998). The other published
analyses of this mineral contain only 0.41-0.43 apfu
K+Na.

In contrast to published benyacarite analyses (Fig. 3),
the material from Krasno has the M?* site strongly dom-
inated by Mn (1.60-1.78) apfu (paulkerrite and manti-
enneite are Mg-dominated). Other elements occur in mi-
nor quantities — Mg 0.09-0.14 apfu, Fe** 0.05-0.10 apfu,
Zn 0-0.03 apfu, and Ba, Pb, Cu less than c. 0.01 apfu.
In the site M**, occupied mainly by Fe** (1.01-1.14 apfu),
significant quantities of Al (range of 0.35-0.57 apfu) and
Ti* (0.42-0.51 apfu) were found. The site M*" is occu-
pied exclusively by Ti in all benyacarite-related miner-
als. Surplus Ti contents, reported in majority of published
analyses of benyacarite-related minerals, enter the site
M3* as indicated above (Fig. 4).
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Fig. 4 Ternary plot of M*" position occupancy (atomic ratio) in benya-
carite-related minerals; published benyacarite data are from Cerro Blan-
co, Argentina (Demartin et al. 1993); Hagendorf, Germany (Pollmann
et al. 1998) and Chelyabinsk, Russia (Kydryashova — Rozhdestven-
skaya 1991).

M 1+ M2+ M3+ M4+
benyacarite  Demartin et al. (1998), OorHO Mn Fe Ti
Kydryashova — Rozhdestvenskaya (1991)
new Pollmann et al. (1998); this paper K Mn  Fe Ti
paulkerrite  Peacor et al. (1984) K Mg Fe Ti
mantienneite  Fransolet et al. (1984) — part of analyses K Mg Al Ti
new Fransolet et al. (1984) — part of analyses m} Mg Al Ti




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

107

The anion group in benyacarite-related minerals con-
tains almost exclusively P. The studied sample from Kras-
no contains minor local As to max. of 0.004 apfu. Fluo-
rine substitutes for a part of (OH) anions in some
benyacarite-related minerals (Fig. 5). In the sample from
Krasno F contents correspond to 0.10 to 0.15 apfu.

On the basis of site occupancy, the empirical formula
of benyacarite from Krasno on the 4 (P+As) pfu content
correspond to (K, Na [l ) (Mn Mg Fe 7Zn

0.71 1.70 0.08 0.01

BaO.Ol CuO.Ol) Xl .92@‘61 ,09Ti0,48A10,43) ZZ,OOTil ,OO(PO4) 4,00(OH2,92F0, 12733.04
. 15H,0.
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Fig. 5 A plot of apfu (OH) vs. apfu F in benyacarite-related minerals.
The published benyacarite data are from Cerro Blanco, Argentina (De-
martin et al. 1993); Hagendorf, Germany (Pollmann et a/. 1998) and
Chelyabinsk, Russia (Kydryashova — Rozhdestvenskaya 1991).

Beraunite Fe*'Fe** (PO,) (OH), 6 H,O

Beraunite was first described from Krasno (Huber open
pit) by Korbel (1991) as spheroidal radiating aggregates,
up to 3 mm in diameter, showing a dirty green colour.
The study cited gives also X-ray powder diffraction data
and spectral analysis. Minor contents of Si, Al, As and
Zn are notable.

In the course of our study, Zn- and Al-rich beraunite
have been found as long acicular crystals (Fig. 6), partly
grouped in radiating aggregates up to 1 cm in size on
samples from the Huber open pit. The mineral has a sil-
very to olive grey-green colour, grading to brown, and
pearly lustre (with indications of cat’s eye effect). Other
samples carry porous, dark green aggregates with indis-
tinct radiating and fibrous structure (Fig. 7), overgrown
by abundant K-deficient leucophosphite, fluorapatite and
microscopic aggregates of UNK3 (Sejkora et al. 2000).
Brownish radiating aggregates up to 4 mm in diameter,

Fig. 6 Aggregates of acicular crystals of Zn- and Al-rich beraunite;
Huber open pit, Krasno. Width of photo 5 mm Nicon SMZ1500 mi-
crophotography (J. & E. Sejkora)

Fig. 7 Fibrous aggregate of Zn- and Al-rich beraunite, Huber open pit,
Krasno. Width of photo 75 um. SEM photograph by J. Sejkora.

Fig. 8 Fibrous Mn-beraunite (grey) replacing older Zn-rich rock-
bridgeite (light) and triplite (white). Mn-beraunite is itself partly al-
tered to younger phoshosiderite (the darkest mineral). 5 level of the
Huber shaft. Width of photo 400 pm. Cameca SX100, BSE photograph
by J. Sejkora and R. Skoda.
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Table 3 X-ray powder diffraction pattern of Zn- and Al-rich beraunite from Krésno

l, d h k | Iy d h k | | d h k |
100 10295 2 0 o0 1 23079 4 2 0 1 17328 8 2 3
5 9594 0 0 2 2 22991 -4 2 1 1 1.7297 -8 2 4
17 7.250 -2 0 2 3 2.2838 4 2 1 1 17215 -6 0 10
3 6.808 2 0o 2 1 22695 6 0 6 1 17158 12 O 0
12 5147 4 0 0 2 22584 -4 2 2 1 17093 -1 3 1
1 4865 -1 1 1 2 2.2062 2 2 4 1 1.7077 1 3 1
2 4797 0 0 4 1 2.2062 7 1 4 1 1.7046 6 2 6
2 4.468 -1 1 2 2 20924 -9 1 1 1 16837 10 0 6
1 4422 4 0 2 1 2.0917 9 1 0 2 16757 -8 2 5
2 4412 1 1 2 1 2.0756 7 1 5 2 1.6696 3 3 0
1 4247 2 0 4 8 2.0632 6 2 0 1 1.6546 1 3 3
1 4126 3 1 0 3 20596 -6 2 1 4 16491 -3 3 2
1 3914 1 1 3 1 20329 -6 2 2 2 1.6439 0 2 9
8 3.740 3 1 2 1 19877 10 0 2 2 1638 -2 2 9
1 3.625 -4 0 4 2 19856 -6 2 3 1 1.6214 11 1 4
1 3529 -3 1 3 1 19572 2 2 6 1 1.6095 3 3 3
29 3438 1 1 4 1 1.9536 4 2 5 1 1.6005 -10 2 2
1 3432 6 0 o0 1 19509 1 1 9 1 1585 -4 2 9
15 3.298 -6 0 2 2 1.9422 6 2 3 1 1.5607 5 3 2
2 3220 5 1 0 1 19367 -10 0 4 1 15345 -2 2 10
2 318 -3 1 4 3 19239 -3 1 9 1 15187 -5 3 4
8 3.169 6 0o 2 2 19080 -2 0 10 1 149630 -4 2 10
16 3.150 5 1 1 2 18970 -4 2 6 1 148939 -3 3 6
3 3110 -2 0 6 1 1.8794 0 2 7 1 148017 -5 3 5
2 3071 3 1 4 1 1.8698 6 2 4 1 147885 -7 1 11
5 3.069 -1 1 5 1 18631 -2 2 7 2 1.47082 3 3 6
1 3024 1 1 5 2 1.8504 10 0 4 1 146112 7 3 2
3 2865 -3 1 5 2 1.8469 4 2 6 1 144172 -2 2 11
1 279 -4 0 6 1 1.8204 7 1 7 1 143633 -5 3 6
3 2714 -1 1 6 1 18192 -5 1 9 1 143569 -3 3 7
1 2712 6 0 4 1 1.8124 -8 0 8 1 143229 -6 2 10
2 2677 1 1 6 1 18056 -8 2 2 1 143202 -7 3 4
3 2582 0 2 0 1 18010 -1 1 10 1 143066 -12 2 1
15 2575 -3 1 6 1 1.7892 6 2 5 1 142905 12 2 0
1 2574 8 0 0 1 17829 -10 0 6 1 141082 -4 2 11
3 2528 -5 1 5 1 1.7827 1 1 10 1 139868 -1 3 8
1 24476 8 0 2 1 1.7763 8 2 2 1 139177 1 3 8
1 24142 2 2 2 1 1.7655 -3 1 10 1 139010 -7 1 12
1 23690 -2 0 8 1 17643 -6 2 6 1 137%65 -9 3 1
1 23442 -2 2 3 1 1.7572 0 2 8 1 136738 -5 1 13
1 2329 7 1 3 1 1.7493 -11 1 2
1 23240 -3 1 7 1 1.7414 4 2 7
Table 4 Unit-cell parameters of beraunite (for monoclinic space group C2/c)
beraunite beraunite Mn-beraunite beraunite beraunite
colour green green red green red
this paper Moore — Kampf (1992) di Cossato et al. (1989) Moore (1970) Fanfani — Zanazzi (1967)
a[A] 20.630(6) 20.953(5) 20.760(3) 20.80(3) 20.646(5)
b[A] 5.164(2) 5.171(1) 5.153(1) 5.156(3) 5.129(7)
c[A] 19.225(8) 19.226(4) 19.248(2) 19.22(6) 19.213(5)
B[] 93.61(4) 93.34(2) 93.55(1) 93.3(4) 93.62(8)
V [A3] 2044.0 2083.89 2055.13 2057.8 2030.5

megascopically similar to frondelite, represent a rare ex-
ample. The X-ray diffraction pattern obtained for Zn- and
Al-rich beraunite (Table 3) and its refined unit-cell pa-
rameters (Table 4) are close the published data for this
mineral.

Numerous samples from the 5® level of the Huber
mine carry fibrous aggregates, up to 200 pm, which ex-
tensively replace older rockbridgeite and triplite (Fig. 8).
They in turn show alteration of variable intensity to the
youngest phosphosiderite (Fig. 9). Fluorapatite and mem-

bers of the rockbridgeite — frondelite series closely as-
sociated. This mineral phase could not be examined by
X-ray powder diffraction due to its small size. The simi-
larity in chemical composition of the studied phase to
Mn-rich beraunite, described by di Cossato et al. (1989)
from Mangualde, Portugal, and its fibrous character, sug-
gest that the mineral is probably Mn-rich beraunite. The
chemical composition could also correspond to anoma-
lously Mn-rich ludlamite, but this mineral is tabular, com-
pact or granular.
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Fig. 9 Relics of fibrous Mn-rich beraunite aggregates (grey) intensively
replaced by phosphosiderite (dark), intergrown in aggregates of Zn-rich
rockbridgeite (light); the homogeneous, clearly bound aggregates (light
grey) are fluorapatite; minute white inclusions are Fe oxi-hydroxides.
5% level of the Huber shaft. Width of photo 300 pm. Cameca SX100,
BSE photograph by J. Sejkora and R. Skoda.

These two types of beraunite from Krasno (Table 5)
clearly show a wider range of compositional variation than
indicate data in the available literature. The general for-
mula of beraunite can be written as M M,,(PO,),(OH),
.6 H,O. The results of structure analysis (Fanfani —
Zanazzi 1967; di Cossato et al. 1989; Moore — Kampf
1992) show Fe** (greenish black beraunite), Fe** (yellow,
orange and red beraunite) and partly also Mn?* (Mn-bear-
ing beraunite) are present in the octahedral site M . The
five octahedral sites M ) (one M(2) site and two M(3) and
M(4) sites, following the symbols of Moore — Kampf
1992), are occupied mainly by Fe*" and small amounts of
AP* and Mn** (or Mn**?) in the known minerals related
to beraunite. The preferential occupation of M (h)—sites by
Mn was described by di Cossato et al. (1989); however,
Moore — Kampf (1992) proposed a disorder in Mn occu-
pation of these sites using the same set of data. The chem-
ical analyses of both types of beraunite from Krasno
were recalculated on the basis of (P+As+Si+S) =4 and
interpreted using the assumption that all the following
cations — Mn, Zn, Ca etc. and Fe?' —enter the M » site
(the content of Fe?* was calculated to the ideal occu-
pancy of 1.00 apfu in the site). The M(b)—sites, not in-
dividually specified, are occupied by Fe*", Al and Ti*".
The indicated water content was calculated from the
theoretical content of 6.00 H,O in beraunite and charge
balance.

In Zn- and Al-rich beraunite from Krasno (Fig. 10) the
M (a)—site is dominated by Fe (probably Fe*"), correspond-
ing to 0.46—0.69 apfu. Two spot-analyses show a slight
predominance of Zn (the whole range is 0.24-0.48 apfu)
and the total of other elements (Na, Mn, Ca etc.) does not
exceed 0.1 apfu. The M (h)—sites are dominated by Fe**
(Fig. 11) ranging from 2.91 to 4.36 apfu. Also significant
is the Al content (0.53—1.79 apfu); the total for M (h)—sites
is 4.59-4.97 apfu. In the anion group (Fig. 12), P is strongly

@  becaunie, Hubsr cpen pd, Krdsno (This papar)
W  Mr-rich béraurite, St lesal of Huber shall, Erdsno (1his paper]
@ Mn-rich beraunite, Mangualde, Portugal (& Cossato of al 1983)

Fig. 10 Ternary plot of M -site occupancy of beraunites from Krasno
and Mn-rich beraunite from Mangualde (di Cossato et al. 1989).
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Fig. 11 Part of ternary plot of M, -sites occupancy of beraunites from
Krasno and Mn-rich beraunite from Mangualde (di Cossato et al. 1989).
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Table 5 Chemica composition of beraunites from Krésno (in wt. %)

1 2 3 4 5 6 7 8 9 10
Na,0 009 010 014 016 013 007 048 035 055 0.78
K,0 000 000 000 000 000 0.00 016 018 016 013
Ca0 005 000 010 016 000 0.03 038 041 044 030
FeO* 459 543 445 373 377 376 122 298 093 0.00
BaO 004 007 002 000 0.08 0.00 005 000 009 013
SrO 000 000 000 0.00 0.00 o0.00 003 012 000 0.02
MgO 002 001 001 004 0.00 0.03 005 000 010 0.08
CuO 007 000 011 015 0.00 0.00 0.02 000 003 0.00
MnO 011 014 006 004 014 0.16 444 301 428 560
ZnO 351 280 359 402 437 446 069 075 069 0.29
ALO, 588 517 1049 987 3.03 335 018 018 023 0.03
Fe,0,* 3457 3486 26.75 28.73 39.16 39.42 4400 4209 4451 4511
SO, 005 008 002 004 006 005 008 007 013 o011
TiO, 009 007 008 008 014 022 021 019 007 050
AsO, 116 071 133 127 133 130 004 003 000 0.04
PO, 3156 3235 31.79 31.22 3116 31.27 3273 3294 3209 3191
SO, 000 000 000 000 000 0.00 0.07 000 017 0.0
H,O** 16.88 16.62 16.67 16.98 16.91 17.22 17.00 16.38 17.07 17.39
total 98.66 98.41 9559 96.50 100.27 101.34 101.84 99.66 101.52 102.53
Na 0.026 0.029 0.040 0.045 0.037 0.021 0.135 0.096 0.155 0.222
K* 0.000 0.000 0.000 0.000 0.000 0.000 0.029 0.033 0.030 0.025
Ce* 0.007 0.000 0.015 0.025 0.000 0.004 0.059 0.062 0.069 0.048
Fe* 0.561 0.653 0.539 0.460 0.465 0.463 0.146 0.356 0.113 0.000
Ba* 0.002 0.004 0.001 0.000 0.005 0.000 0.003 0.000 0.005 0.008
Sr2 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.010 0.000 0.002
Mg 0.003 0.001 0.003 0.009 0.000 O0.007 0.010 0.000 0.021 0.017
Cu? 0.008 0.000 0.011 0.017 0.000 0.000 0.002 0.000 0.003 0.000
Mn2+ 0.013 0.016 0.007 0.005 0.017 0.020 0.540 0.365 0.529 0.697
zn? 0.379 0.297 0.384 0.438 0.476 0.484 0.073 0.079 0.074 0.032
M, site 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.050
Al 1013 0.876 1.789 1.715 0.526 0.581 0.030 0.030 0.039 0.005
Fe** 3.800 3.769 2.914 3.187 4.344 4.362 4753 4528 4.885 4.987
Ti* 0.010 0.008 0.008 0.009 0.016 0.024 0.022 0.021 0.007 0.055
M, site 4824 4653 4712 4911 4.887 4.968 4806 4579 4.931 5.047
0.088 0.054 0.100 0.098 0.102 0.100 0.003 0.002 0.000 0.003
P 3904 3936 3.897 3.897 3.890 3.893 3978 3988 3.963 3.969
S 0.000 0.000 0.000 0.000 0.000 0.000 0.008 0.000 0.019 0.011
Si# 0.007 0.011 0.003 0.005 0.008 0.007 0.012 0.010 0.019 0.017
T sites 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000
OH 4448 3.927 4.103 4.692 4.630 4.899 4275 3.620 4.616 5.042
H,O 6.003 6.002 6.000 6.003 6.001 5.998 6.002 6.002 5.997 6.000

Zn- and Al-rich beraunite: 1 — mean of 12 spot analyses; 2-6 — representative spot analyses,
Mn-rich beraunite: 7 — mean of 8 spot analyses; 8-10 — representative spot analyses.
Empirical formulas were calculated on the basis of (P+As+Si+S) = 4.00;
* —calculation of Fe,, to Fe** and Fe** is based on the assumption that Fe** (together with M** and

M?* elements) completely fills the M @ position and only the surplus Fe (above 1 pfu) enters the sites

M(b) as Fe**;

** —H,0 content is calculated from the general formula (H,O = 6.00) and charge balance.

dominating, As is low (0.05-0.16 apfir) and Si is below
0.01 apfu. The average empirical formula (12 spot analy-
ses) of the Zn- and Al-rich beraunite from Krasno, based
on 4 (P+As+S+Si) and the above noted assumptions, is
(Fe0.56zn0.38Na0.03Mn0.0]CaO.O]CuO.O])Z].OO(Fe3.80Al].O]Ti0.01)24.82
[(PO4)3.90(A504)0.09(Si04)o.01]24.00 (OH)4.45 : 6‘OOH20'
The M(u)—site in Mn-rich beraunite from Krasno
(Fig. 10) is dominated by Mn (0.36—0.70 apfu). In ad-
dition, the site contains significant Fe?* (max. 0.36
apfu) and increased Na in the range of 0.09 to 0.22
apfu. The group of M, -sites (Fig. 11) is filled domi-
nantly by Fe®" (4.53-4.99 apfu), while Al and Ti con-

tents are minor (max. 0.05 apfu). The tetrahedral sites

are almost exclusively occupied by P (Fig. 12), As, Si
and S contents reach max. 0.01 apfu. The average
empirical formula (8 spot analyses) for Mn-rich
beraunite from Krasno can be presented on the basis
of 4 (P+As+S+Si) and the above assumptions as
(Mn0.54FeO.]4NaO.]3zn0.07ca0.06K0.03Mg0.01)20.98 (Fe4.75AlO.O3
Tio.oz)m.xo[(P 04)3.98(Si04)0.01(SO4)O.O]]Z4.OO(OH)4.Z7 : 6‘00H20'
The complicated composition of Mn-rich beraunite from
Krasno can be demonstrated by comparison with the
empirical formula (calculated on the same basis) of Mn-
rich beraunite from Mangualde (di Cossato et al. 1989)
(Mn0.54FeO.SXNaO.O4caO.O3LiO.0])Z].OOFe (PO4)4.00 (OH)5.54 °
4.92H,0.

5.18
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Cacoxenite Fe*, AI(PO), O,(OH),, . 75 H,0

It has been found as tufts or radiating aggregates (Fig. 13),
up to 5 mm in diameter, of typical golden yellow colour
in samples from the Huber open pit. A similar material
occurs in cavities in phosphate accumulations at the 5%
level of the Huber mine. At this place, cacoxenite belongs
to the youngest minerals. The mineral was identified by
X-ray powder diffraction.

Fig. 13 A radiating fibrous aggregate of cacoxenite, Huber open pit,
Krasno. Width of photo 500 um. SEM photograph by Z. Mach.

Chalcosiderite CuFe’*G[PO ,(OH),|],-4H,0
Turquoise CuAlL[PO,(OH),], -4 H,O
(turqouise group)

Chalcosiderite has been described by Mach (1979) and
later by Korbel (1991) at the Huber open pit as rare green
rosette-shaped agreggates, up to 1.5 mm. It occurs in cav-
ities of quartz gangue with wolframite.

During the present study, members of the turquoise
group have been found as relatively widespread miner-
als at various places of the Huber open pit in phosphate
accumulations (or in their proximity) showing a strong
supergene alteration. The phosphate accumulations, from
mm up to dm in size and located in massive white quartz,
consist of fluorapatite, locally with abundant compact
isokite and triplite relics. Minor weathered cavities in
these accumulations are coated by minute crystalline ag-
gregates of the turquoise group minerals. Macroscopically
indistinguishable members of this group are accompanied
by fluorapatite of the youngest generation, leucophos-
phite, pharmacosiderite, rare kolbeckite, whitmoreite and
unnamed mineral phases UNKI, UNK3, UNK6, UNK7,
UNKS8 and UNK10 (Sejkora et al. 2006). Minerals of the
turquoise group form crystals (Fig. 14) grouped to irreg-
ular spheroidal aggregates deposited individually or
grouped in small crystalline coatings (Fig. 15) as the
youngest minerals in the phosphate association. Individ-
ual aggregates are usually less than 1 mm in size (fre-

Fig. 14 Crystals of chalcosiderite-turqouise series minerals on tabular
crystals of leucophosphite, Huber open pit, Krasno. Width of photo
130 um. SEM photograph by J. Sejkora and J. Plasil.

Fig. 15 Semi-spheroidal aggregates of members of the series chalco-
siderite — turquoise; Huber open pit, Krasno. Width of photo 4 mm.
Microphotography Nicon SMZ1500 by J.&E. Sejkora.

quently 0.1-0.3 mm), exceptionally up to 1.8 mm. The
colour is usually deep bright green with various shades,
lustre is vitreous, only small fragments are partly trans-
parent. The individual aggregates always show compo-
sitional zoning (Fig. 16). Zones with predominance of Fe
(chalcosiderite) or Al (turquoise) are usually present in
a single aggregate.

At present, chalcosiderite occurrence has been con-
firmed at the 5" level of the Huber shaft as green spheres
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Fig. 16 Complicated zoning in semi-spheroidal aggregates of chalco-
siderite (light zones) — turquoise (dark zones) growing on limonite crust
(light), Huber open pit, Krasno. Width of photo 300 um. BSE photo-
graph, Cameca SX100, by J. Sejkora and R. Skoda.

to 0.5 mm in diameter, associated with crystalline and
porous aggregates of isokite. Rare aggregates of chal-
copyrite and chalcocite, intergrown in the primary phos-
phates (triplite), served as the source of copper.

All recorded occurrences of the turquoise group min-
erals have been verified by X-ray powder diffraction.
The present study shows prominent chemical zon-
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Fig. 18 A plot of (PO,) apfit vs. (AsO,) apfu in the turquoise group
minerals. Huber open pit, Krasno.

up to 0.20 apfu in minerals of the turquoise group were
given in this study. The representative compositions of
members of this group (Table 6), with empirical formu-
las, document the wide variation. The high totals of
some analyses are probably due to sample dehydration
by electron beam in vacuum.

ing of samples from the Huber open pit. The anal-
yses document the presence of members ranging
through nearly the whole isomorphous series chal-
cosiderite — turquoise (Fig. 17). From the minimal
contents of Fe in chalcosiderite at c. 0.88 apfu to
the minimal contents of Al in turquoise at c. 0.43
apfu. The occupancy of the M?* site attains 1.0 to
1.4 apfu Cu. This indicates that the studied min-
erals do not exhibit heterovalent isomorphism of
planerite type Cu-0—(PO,)—(PO,OH) (Foord —
Taggart 1998). The anion group contains regular
amounts of As in the range of 0.03-0.11 (turqou-
ise) and up to 0.58 apfu (chalcosiderite) (Fig. 18).
The first record of elevated Ti content up to 0.12
apfu and the presence of fluorine in rare examples
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Fig. 17 A plot of Fe apfu vs. Al apfu in minerals of the turquoise
group. Huber open pit, Krasno.

Table 6 Chemical composition of members of the isomorphous series
chalcosiderite — turquoise (in wt. %)

L 2 3 4, 5. 6. 7. 8.
Cuo 978 1012 1185 1053 945 894 997 806
PbO 014 025 025 007 0.25
Zno 023 012 006 043 041 017
ca0 006 002 006 009 003 006
BaO 021 021
S0 0.09 0.02
ALO,| 3760 3300 2230 1600 1387 730 215
Fe,0, 895 1917 2508 27.14 37.19 4147 4856
TiO, 031 0.04
PO, | 3490 3351 3222 3L14 2756 27.57 2556 28.77
As0, 106 054 043 429 416 437

X 009 012 085
F 049 004
-0=F 021 002
H,O* | 1772 17.80 1650 1538 1512 1452 1388 14.61
total | 100.00 10577 102.98 9894 98.10 10051 99.00 100.00

* H,O content calcul ated from theideal formulaCuM [PO,(OH),],-4H,0 (M =FeAl)

and charge baance; empirical formulas were calculated on the basis of 28 (O,0H).

1. theoretical composition of turquoise CuAl [PO,(OH),],-4 H,O

2. turquoise with the highest Al content analyzed, corresponding to empirical formula:

(4couol|io|ozono.028 aﬂ.olsro.ol)):l.O4(A|5.10Fe0.88Ti 0.03)):6.0] [(PO4)3.72(A§)4)0.07F0.20] ZB.GO(OH)B.M N
.00H,0.

3. turquoise of an intermediate composition, corresponding to empirical formula:

(Cu1.zszn_0.01)>:|;29(A|3.76F%;0§)>:5.82[(PO4)3.99(ASO_4)0.04F0.02]za;os(OH)s.n : 4'00Hzo'

4. turquoise with composition near the turquoi se/chal cosiderite limit, corresponding to

empirica formula:

(Cu1.zzcau_olppo.01)>:].24(AIz.goFe_z.go)zsso[(PO4)4.96(ASO4)0.03]>;4.09(OH)7.52 . 4'00Hzo'

5. chal cosiderite with composition near the limit chal cosiderite/turquoise, correspond-

ing to empirical formula:

(Cu1.1szno.psca_u02)>:l.20('_:e3.24A|2.sq)>:5.84[(PO4)3;7Q(ASO4)0.3€J m.os(QH)nl . 4'00Hzo'

6. chalkosiderite of an intermediate composition, corresponding to empirical formula:

(Cu1.oszno.psBap.01)>:l;14(Fe4.48AI1.38)>:5.85[(PO4)3.74(ASO4)0.35] m.oo(OH)lsg . 4'00Hzo'

7. chalcosiderite with the highest analyzed content, corresponding to empirical for-

mula:

(Cu1.27zn0_.02Pb0.01)):l ,30(_':_e5.29A|0.43)):5.72[_(P()_4)3.64(A§)4)0.39(g)4)0.10] ZA.IS(OH)IM - 4mHZO
8. theoretical composition of chalcosiderite CuFe[PO,(OH),], 4 H,0
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Crandallite CaAl (PO ,)(PO,OH)(OH),
Goyazite SrAlL(PO)(PO,0H)(OH),
Waylandite BiAlL(PO,),(OH),
(crandallite group)

Crandallite CaAl(PO,)(PO,OH)(OH),

Mrazek (1981) published the first description of crandal-
lite from the Huber open pit as orange semi-spheroidal
aggregates to 1 mm. It includes X-ray data, a qualitative
chemical analysis and IR spectrum, confirming the pres-
ence of the group (PO,OH)* in crandallite. Bi-rich cran-
dallite has been described by Novak et al. (2001) from
greisen dump material deposited behind the former Stan-
num mine. It forms cryptocrystalline, in part porous, light
yellow white or yellow brown aggregates among quartz
crystals and earthy crusts, up to 3 mm thick, on cassiter-
ite and quartz. It represents a mixture with unnamed
phase UNKII (Sejkora et al. 2006). Novak et al. (2001)
presented its unit-cell parameters (Table 7) and chemical
analysis, which, based on 2 (P+As+S+Si), gives the em-
pirical formula: (Cao,sosro,uBio,n)m,01(A12,66F €025 U 02)x2.03
[(PO4)1,13(P030H)0,68(ASO4)0,13(804)0,05]21.99 (OH)s,oo‘

We have studied samples collected at different plac-
es of the Huber open pit. The mineral occurs in minute,
less than 1 mm, irregular semi-spheroidal aggregates
(Fig. 19) composed of very thin tabular crystals up to
100 pm long (Fig. 20). The mineral is associated with
turquoise-group minerals (Fig. 21), young fluorapatite
and fluorite in small cavities of coarse-grained quartz

Fig. 19 Irregular semi-spheroidal crandallite aggregates to 1 mm, com-
posed of minute tabular crystals. Huber open pit, Krasno. Width of
photo 2.5 mm. Nicon SMZ1500 microphotography by J. & E. Sejkora.

Fig. 20 Thin tabular crandallite crystals composing semi-spheroidal
aggregates. Huber open pit, Krasno. Width of photo 130 pm. SEM pho-
tograph by J. Sejkora.

Fig. 21 Semi-spheroidal crandallite aggregates composed of minute tab-
ular crystals (dark) in association with zoned aggregates of the tur-
quoise-group minerals (light). Width of photo 400 pm. Huber open pit,
Kréasno. BSE photograph, Cameca SX100 by J. Sejkora and R. Skoda.

gangue. The crandallite aggregates are whitish or light
pink to light orange with vitreous lustre and transparent
only in thin splinters. Crandallite has also been identi-
fied as a component in strongly zoned goyazite and cran-
dallite aggregates (see goayzite for detailed description).

X-ray powder data as well as refined unit-cell param-
eters (Table 7) compare well with data for minerals of
the crandallite — goyazite series. Comparison of the re-
fined unit-cell parameters, as well as X-ray powder pat-
terns, shows that distinguishing these two mineral spe-
cies solely by X-ray methods is problematic, owing to
wide isomorphism.

The chemical composition of the crandallite-type min-
erals is characterized by wide isomorphous substitution
in all structural sites of the general formula
AB(TO,)(TO,0H)(OH,F),. Possible substitutions by in-
dividual elements in large '?4-, medium ©®B- and small
M7-fold positions are shown in Fig. 22. The chemical
analyses of crandallite-type minerals from Krasno (Table &)
were recalculated on the basis of (P+As+S+Si) = 2.
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Fig. 22 Possible substitutions in crandallite-type minerals (alunite, beudantite and crandallite groups), modified following Schwab
et al. (2004), with the use of data by Scott (1987), Novak et al. (1994), Pe-Piper — Dolansky (2005).

Calcium (0.52-0.85 apfu) is the dominant element in
A-site of crandallite (Fig. 23) and significant quantities
of Sr (0.07-0.43 apfu) are also present. The contents of
other elements, in particular Ba and K, are up to 0.04
apfu. Relative to the data published by Novak et al.
(2001), our samples contained only negligible Bi (below
0.01 apfu). The B-site in crandallite (Fig. 24) is filled
dominantly by Al (2.80-2.91 apfur), whereas Fe contents

o
erandalie
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Fig. 23 Ternary plot of A-site occupancy (atomic ratio) in crandallite-
type minerals from the Huber open pit, Krasno.

reach only exceptionally 0.02 apfu, in difference to anal-
yses presented by Novak ef al. (2001). There is relative-
ly small deficiency in the B-site, with total ranging from
2.82 to 2.95 apfu. The tetrahedral 7-sites (Fig. 25) are
dominated by P (1.82-2.00 apfur) and there are variable
contents of S to 0.18 apfu (in difference to data by Novak
et al. 2001). The (OH) position contains significant flu-
orine concentrations (Fig. 26), ranging from 0.51 to 1.08
apfu. Baldwin et al. (2000) reported similar high fluo-
rine contents in crandallites from pegmatites in Namib-
ia. The coefficients in empirical formulas corresponding
to selected spot analyses of crandallite from Krasno are
given in Table 8.

030
@ crandallie, Krésno (this paper)
Ras ¥ W crandalite, Krésno (Novik ef al 2001)
[ goyazite, Krésna (this paper)
020 & poyazite, Krdsno (Nowdk ef al. 2001)
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Fig. 24 A plot of apfu Al vs. Fe in B-site of crandallite-type minerals
from the Huber open pit, Krasno. The deviation from ideal correlation
Al+Fe = 3 is caused by the content of small amounts of Cu and Zn
and especially the deficit in B-site.

Table 7 Unit-cell parameters for crandallite group minerals (for trigonal space group R-3m)

afA] c[A] V [A9
crandallite this paper 7.000(2) 16.226(9) 688.5
crandallite Mrézek (1981) 7.011(2) 16.56(1) 704.9
crandallite Bi- and Sr-rich Novék et al. (2001) 7.012(2) 16.650(6) 708.9
goayzite Novék et al. (2001) 7.008(2) 16.608(6) 706.4
goayzite this paper (Schndd stock) 6.992(2) 16.537(7) 700.1
goyazite this paper (Huber stock) 7.0214(8) 16.507(3) 704.8
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Fig. 25 Part of ternary plot of 7-sites occupancy (atomic ratio) of cran-
dallite-type minerals from the Huber open pit, Krasno.
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Fig. 26 A plot of apfu OH vs. F in crandallite-type minerals from the
Huber open pit, Krasno. The dashed line corresponds to the theoreti-
cal relation (OH)+F = 6.

Goyazite SrAl(PO,)(PO,0H)(OH),

Novak et al. (2001) published the first description of

Bi-rich goyazite on the material from the Huber open pit
as light pinkish brown or brownish — greyish white kid-
ney-shaped cryptocrystalline aggregates, up to 1 mm
in diameter. They presented its unit-cell parameters
(Table 7), and chemical analysis with the follow-
ing empirical formula based on 2 (P+As+S+Si):

(S1555Ca, 3By 251 19(AL 16F€; 1, CUy )5, 7 [(PO, ) (PO,OH),
(AsO,),,,(80,) (OH)

0.11 0,12]21,99 5.72°

The present study includes numerous goyazite samples
collected at different places of the Huber open pit.
Goyazite occurs as equant to spheroidal aggregates
(Fig. 27), usually with crystalline surface, up to 2 mm in
size (Fig. 28), on quartz crystals in cavities of coarse-
grained quartz gangue. Cassiterite, wolframite and clay
minerals are associated. The goyazite aggregates are
white or whitish-grey, orange colour of some aggregates
is probably caused by film of Fe-oxides. Luster is greasy
to vitreous, mineral is transparent only in thin splinters.
Compact to finely crystalline, light pink goyazite aggre-

LI
Fig. 27 Semi-spheroidal aggregate of crystalline goyazite growing on

quartz crystals. Huber open pit, Krasno. Width of photo 3 mm. Nicon
SMZ 1500 microphotography by J. & E. Sejkora.

Fig. 28 Strongly zoned aggregate of goyazite crystals (the lighter zones
contain higher Ba, darker contain increased Sr and Ca), Huber open
pit, Krasno. Width of photo 1500 pm. BSE photo, Cameca SX100 by
J. Sejkora and R. Skoda.
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gates, up to 2 cm in size, with a weak pearl lustre, are
composed of very small (less than 100 um) trigonal crys-
tals (Fig. 29).

Minerals of crandallite group from the Huber open pit
(Fig. 30) include samples with well-formed individual
trigonal crystals (Fig. 31), up to 1 mm in size, and their
rich aggregates, up to 1-2 cm in size. The aggregates are
located in cavities of coarse-grained quartz gangue. They
are whitish, buff, light pink to red (due to abundant
cassiterite and Fe oxide inclusions) and have a vitreous
lustre. The studied crystals show oscillatory zoning
(Fig. 32); WD line-scans of Ca and Sr content (Fig. 33)
and compositional profiles (Fig. 34) exhibit that numer-
ous zones, less than 2 um in width, in a single crystal

correspond alternatively to goyazite or crandallite.

Table 8 Chemical composition of crandallite and goayzite (in wt.

%)

At the VIII™ level of the Schnod stock goyazite has
been found in unusually large, up to 5 cm long, grape-
shaped crystalline aggregates, deposited in cavities in
quartz or cavities after leached triplite. The aggregates
are light pinkish to buff in colour. Goyazite is associat-
ed with chrysocolla, fluorapatite and clay minerals.

X-ray powder data and refined unit-cell parameters
(Table 7) correspond to published data for minerals of the
goyazite — crandallite series. These data also show that
the extensive isomorphism makes X-ray identification of
the two mineral species problematic.

With regard to the regular increased contents of F, the
chemical analyses of goyazite from Krasno (Table 8)
were recalculated on the basis of (P+As+S+Si) = 2. Sr
(0.47-0.84 apfu) is the dominant element in A-site of

1 2 3 4 5 6 7 8 9
K,O 000 014 023 031 000 005 0.03 0.00 0.33
Cao 6.91 10.08 10.82 10.97 417 077 078 0.87 2.60
BaO 049 025 032 025 055 914 438 127 0.00
SrO 1027 370 227 170 13.45 1410 16.30 19.60 0.00
MgO 0.00 005 0.00 0.00 006 005 0.00 0.00 0.00
PbO 0.00 000 0.02 0.06 012 014 042 0.00 0.00
CuO 0.06 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00
MnO 0.03 003 000 0.00 0.00 000 0.00 0.00 0.00
ZnO 000 011 059 055 0.03 0.00 000 0.00 0.00
ALO, 33.13 33.88 33.98 3431 33.23 3248 32.04 3261 17.88
Fe,0, 020 015 040 035 0.00 0.00 004 0.00 12.19
Bi,O, 0.00 000 003 0.23 0.02 009 002 0.00 29.13
SO, 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 1.66
As,O, 0.02 0.00 0.00 0.00 0.00 0.00 006 0.00 9.71
PO, 32.16 3320 32.73 32.86 3258 2952 30.49 27.98 17.00
SO, 085 022 005 0.00 047 116 159 447 0.00
F 225 347 471 474 268 406 419 252 0.00
H,O0* 1219 11.86 11.68 11.76 11.70 11.23 1036 11.31 9.04
O=F -095 -146 -198 -2.00 -1.13 -1.71 -177 -1.06 0.00
total 97.61 95.67 95.86 96.09 97.92 101.09 98.93 99.58 99.54
K* 0.000 0.013 0.021 0.029 0.000 0.005 0.003 0.000 0.040
Ca* 0.531 0.764 0.836 0.845 0.320 0.064 0.062 0.069 0.264
Ba* 0.014 0.007 0.009 0.007 0.015 0.277 0.127 0.037 0.000
Sr2+ 0.427 0.152 0.095 0.071 0.558 0.632 0.699 0.841 0.000
Mg 0.000 0.006 0.000 0.000 0.006 0.006 0.000 0.000 0.000
Pb?* 0.000 0.000 0.000 0.001 0.002 0.003 0.008 0.000 0.000
Cu* 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mn2+ 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
zn? 0.000 0.006 0.032 0.029 0.002 0.000 0.000 0.000 0.000
Bi®* 0.000 0.000 0.001 0.004 0.000 0.002 0.000 0.000 0.711
A-site 0.977 0.948 0.994 0.986 0.904 0.988 0.899 0.946 1.015
Al 2.801 2.825 2.887 2907 2.804 2960 2793 2.842 1.995
Fe** 0.011 0.008 0.022 0.019 0.000 0.000 0.002 0.000 0.868
B-site 2.812 2.833 2909 2926 2.804 2960 2795 2.842 2.863
Siet 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.157
As 0.001 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.481
P+ (PO,) 0.999 1.000 1.001 1.004 1.000 1.002 0.998 1.000 1.073
P** (PO,OH)| 0.954 0.989 0.997 0.996 0.975 0.931 0.911 0.752 0.289
S 0.046 0.011 0.003 0.000 0.025 0.067 0.088 0.248 0.000
T-site 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
F 0.511 0.777 1.074 1.079 0.606 0.992 0.981 0.590 0.000
OH 4.879 4.606 4.618 4.643 4614 4.861 4.201 4.828 5.422
OH+F site | 5391 5.383 5.692 5.722 5220 5.853 5.182 5.418 5.422

14 — representative spot analyses of crandallite, Krasno (this paper)
5-8 — representative spot analyses of goyazite, Krasno (this paper)

9 —waylandite, Krasno (Novék et al. 2001)
Empirical formulas were calculated on the basis of (P+As+Si+S) = 2.00;
H,O* — content is calculated from the ideal formula and charge balance.
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Fig. 29 Trigonal goyazite crystals, Huber open pit, Krasno. Width of
photo 60 um. SEM photograph by J. Sejkora and J. Plasil.

Fig. 30 Rich aggregates of trigonal crystals of crandallite-group min-
erals, Huber open pit, Krasno. Width of photo 4.5 mm. Nicon SMZ1500
microphotography by J. & E. Sejkora.

Fig. 31 Strongly zoned crystals of crandallite-goyazite, Huber open pit,
Krasno. Width of photo 7 mm. Nicon SMZ1500 microphotography by
J. & E. Sejkora.

o

Fig. 32 Group of strongly zoned “crystals” of crandallite-group min-
erals. The light zones are rich in Sr (goayzite), dark in Ca (crandal-
lite); the light minute inclusions belong to cassiterite. Huber open pit,
Krasno. Width of photo 600 pm. BSE photo, Cameca SX100, by
J. Sejkora and R. Skoda.

goyazite (Fig. 23), but the contents of the crandallite com-
ponent (Ca 0.03-0.35 apfu) and gorceixite component
(Ba 0.01 to 0.27 apfu) are also significant. The B-site in
goyazite (Fig. 24), is dominated by Al (2.79-2.96 apfu).
In difference to data reported by Novak et al. (2001), the
Fe contents rarely attain 0.02 apfu; the total for atoms in
the B-site (2.80-2.96 apfu) shows a small deficit com-
pared to the theoretical value. The As-content reported
by Novak ef al. (2001) has not been found in the present
study. Fluorine contents (Fig. 26), ranging from 0.38 to
1.00 apfu, substitute for (OH). Similar contents of F were
reported in goyazite from pegmatites in Namibia (Baldwin
et al. 2000) and from carbonatites in Tanzania (McKie
1962). The coefficients in empirical formulas correspond-
ing to selected spot analyses of goyazite from Krasno are
given in Table 8.
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Fig. 34 Profile of Ca vs. Sr contents (Ca+Sr atoms = 100, WD analy-
sis) in strongly zoned “crystal” of crandallite-group minerals. Huber
open pit, Krasno.

Waylandite BiAl,(PO,),(OH),

Novak et al. (2001) have described waylandite in a sam-
ple from the Huber open pit. It forms light yellow brown,
mat and partly porous cryptocrystalline aggregates of
earthy appearance on cassiterite and quartz. The associ-
ation includes “varlamoffite” with ca 8 wt. % Fe, dick-

Table 9 Unit-cell parameters of waylandite (for trigonal space group R-3m)

Fig. 33 WD scan of Sr and Ca con-
tents in strongly zoned aggregate
composed of goyazite (lighter) and
crandallite (darker zones), Huber
open pit, Krasno. Width of photo
220 pm. BSE photo, Cameca
SX100, by J. Sejkora and R. Skoda.

ite with muscovite admixture and coatings of rusty brown
Fe oxides-hydroxides (“limonite”).

Novak ef al. (2001) gave for waylandite X-ray pow-
der diffraction data and refined unit-cell parameters (Ta-
ble 9), which fall between the published data for way-
landite and zairite (Bi-Fe-P-dominant member of the
crandallite group), closer to waylandite. It is in agreement
with the chemical composition of waylandite from Kras-
no. The chemical analysis of waylandite (Table 8, Novak
et al. 2001) yielded on the basis of 2 (P+As+Si) the fol-
lowing crystallochemical formula: (Bi . Ca , K s
(A11.99F eO.87)22.86[(PO4) 1.07(AS04)0.48(PosoH)0.29(SiO4)o.16]22.00
(OH),,,- A similar content of crandallite component
(0.26 apfu Ca in A-site in sample from Krasno) in way-
landite was reported in samples from Uganda (Knorring
— Mrose 1963) and Namibia (Blass — Wittern 1994). The
B-site contains notable Fe (0.87 apfu), which has not
been reported yet for waylandite.

Earlshannonite Mn*'Fe** (PO,),(OH), . 4H,0
Whitmoreite Fe*Fe**,(PO,),(OH), . 4H,0
(arthurite group)

Minerals of the arthurite group occur in samples of phos-
phate accumulations from the Huber open pit in two dif-
ferent mineral associations. The first one consists of ir-
regular whitmoreite aggregates,
up to 100 um in size (Fig. 35),
which are replaced by younger

a[A] c[A] VA9
waylandite  Krasno Novaketal (2001)  6.984(2) 163046  ess7 | Phases UNKI and UNK3 (Se-
waylandite  Cornwall Clark et al. (1986) 6.9834(3)  16.175(1) 6841  Jkora et al. 2006), and themself
waylandite Uganda Bayliss (1986) 6.974(1) 16.293(4) 686.3 replace aggregates of older iso-
zairite Zaire (Congo) Wambeke (1975) 7.015(5) 16.37(1) 697.6 kite and fluorapatite.
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Fig. 35 Complicated
aggregate of phos-
phates from the Huber
open pit, Krasno. The
oldest mineral fluorap-
atite (F) is replaced by
isokite (I), aggregate
of these two minerals
is in turn replaced by
whitmoreite (*), which
contains abundant
grains of UNK3 (very
light) and it is itself
replaced by the young-
est phase UNKI (ag-
gregates of dark tabular
crystals). Width of
photo 600 um. Came-
ca SX100, BSE photo-
graph by J. Sejkora
and R. Skoda.

The second mineral association occurs in cavities, 2 up
to 3 cm in diameter, in triplite accumulations, almost
completely altered to compact pink brown fluorapatite.
Minerals of the arthurite group are accompanied by abun-
dant, well-formed translucent leucophosphite crystals,
younger fluorapatite crystals or aggregates, less common
minerals of the chalkosiderite — turquoise group, and rare
white skeletal aggregates of UNK/. Whitmoreite forms
rare translucent, colourless to very light yellow-green
tabular to lath-shaped crystals, up to 0.1 mm long. It is
intergrown with yellow-green phase UNK6 showing the
same morphology, and darker green UNK?7 grouped to
small radiating aggregates or random crystal clusters.
Crystals show distinct colour zoning, with lighter green
zones (whitmoreite, earlshannonite, UNKS8) and darker
green zones (UNK7). Material with chemical composi-
tion corresponding to Zn- and Mg-rich earlshannonite has
been found in this association only as very tiny and ir-
regular (to 10 um) zone in aggregate of whitmoreite and
UNK?7 (Sejkora et al. 20006).

Due to small dimensions of earlshannonite and whit-
moreite, it was not possible to examine these phases by
X-ray powder diffraction. Their classification with the
arthurite group is based mainly on stoichiometry and their
intergrowths with, and even distinct zones within, crys-
tals of other members of the arthurite group (UNKG6,
UNK7, UNK8 — Sejkora et al. 2006).

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

AB(TO,),(OH,0), . 4H,0. A detailed characteristics of
occupancy of individual sites is given in description of
the new mineral species UNKG6 (Sejkora et al. 2006). Two
chemically distinct verieties of whitmoreite from Krasno
have been found (Table 10). The 4-site in Cu-rich whit-
moreite (Fig. 36) contains dominant Fe** (0.84-0.88 apfu)

m 8 % ® % @ » @ m m %
& UBKE crystals, Meodsro (Sejora af o 20068)
| 2 UNKE sggregates, Krisno (Sejkara of ol 2008)
¥ whimonede (Cu rich), Knisno (this paper)
W UNKBE Mrdsno (Selora of ol 2006)

Fig. 36 Ternary plot of 4-site occupancy by Cu-Zn-(Fe**+Mn*") (atomic
ratio) for arthurite group mineral phases (Cu-rich whitmoreite, UNK6,
UNKS) from Krasno.
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and significant Cu ranging from 0.63 to 0.71 apfu. The
B-site contains Fe*" (1.32-1.49 apfu), Al (0.44-0.55 apfit)
and Ti (0.06-0.13 apfur). Phosphorus in tetrahedral 7-site
(1.94 apfu) strongly predominates over As (0.06 apfu).
The chemical composition of Cu-rich whitmoreite can be
expressed by the empirical formula (Fe*'|  Cu, Zn, ).
(Fe* , Al Ti [(PO,),,,(AsO,) OH)
4.00H,0.

Cu-poor whitmoreite contains in A4-site (Fig. 37) only
a minor amounts of Cu (up to 0.02 apfu) and increased
Zn (0.15-0.41 apfu), besides the dominant Fe** (0.40—
0.69 apfur). This probably suggests only a limited isomor-
phous substitution of Fe?* by Cu and Zn in arthurite group
minerals. Fe*" (1.40-1.95 apfu) is the dominant element
in the B-site (Fig. 38). The tetrahedral 7-site is commonly
dominated by P (1.96—1.98 apfu) but As-rich members
(As 0.56-0.79 apfu) containing P in the range 1.20-1.43
apfu also occur (Fig. 39). The empirical formula of
As-rich members is on the basis of (P+As+S+Si) = 2
(Fez+0.492n0.37Na0.O3Mn0.02Mg0.01 C}u().O 1 )20.93(Fe3+1 9 1A10.07Ti
[(PO4)1.28(ASO4)0.72]22.00(OH)1.86 : 4'00H20'

The A-site in Zn- and Mg-rich earlshannonite
(Table 10) is dominated by Mn*" (0.37 apfu) and contains
significant Zn (0.33 apfu), Mg (0.22 apfir) and Fe** (0.12
apfu). The B-site is occupied mainly by Fe*" (1.94 apfu)
and the tetrahedral 7-site contains P (1.80 apfur) predom-
inating over As (0.19 apfir). The empirical formula on the
basis of (P+As+S+Si) = 2 is (Mn_,.Zn , Mg  Fe*

0.10)22.01 1.94 0.06]22.00( 327 °

0.01 )Zl 99

0.33 0.13

Cu0.03Na0.02)21 .10 (Fel .94A10.03T10.03)22.00 [(PO4) 1 .SO(ASO4) 1 .20] X2.00
(OH), , . 4.00H O.

Zn
i)
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Fig. 37 Ternary plot of 4-site occupancy by Zn-Mn?"-(Fe?*+Cu) (atomic
ratio) for arthurite group mineral phases (Cu-poor whitmoreite, earls-
hannonite, UNK7) from Krasno.
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B earlshannonds, Krdsnd (his pager)

Fig. 38 Ternary plot of B-site occupancy by Fe’-Ti-Al (atomic ratio)
for arthurite-group mineral phases (whitmoreite, earlshannonite, UNKS)
from Krasno.
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Fig. 39 Ternary plot of 7-site occupancy by P-(S+Si)-As (atomic ra-
tio) for arthurite group mineral phases (whitmoreite, earlshannonite,
UNKS$) from Krasno.

Fluellite AL(PO,)F (OH) .7TH,0

Fluellite has been rarely found in cavities, 1 to 5 cm
across, in coarse-grained quartz at several places of the
Huber open pit. It usually forms inconspicuous perfect
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Table 10 Chemica composition of whitmoreite and earlshannonite (in wt. %)

It indicates a strong dehydration, corresponding
to loss of two H,O molecules during sample

1 2 3 4 5 6 7 8 S d analvsis. This loss i
N&,0 0.16 001 000 002 020 021 014 033 coating in vacuum and analysis. This loss is
K,0 0.06 006 005 007 003 001 005 0.07 indicated by irregular fracturing of the analyzed
Cuo 0.48 1072 1013 11.32 018 009 038 0.0 samples. The empirical formula of fluellite
;/'n'g) ggé ggé ggg ggi ggg ggi ggg ggg calculated on the basis of 14 (O,0H,F) is
BaO 0.09 006 000 013 004 009 000 000 | AlgPOY, F (O ;5. 7H,0, close to the
S0 0.01 005 011 000 002 000 002 002 ideal formula.
CaO 0.45 0.04 006 0.02 007 006 010 0.03
PO 0.00 012 011 013 001 000 0.00 0.04 Fluorapatite Ca_(PO,).(F,C1,0H)
MgO 1.90 000 000 000 011 002 0.00 0.14 s 473
FeO* 1.89 1249 1281 1218 697 6.69 643 6.14 o )
FeOf | 3272 2255 2392 2117 3053 30.62 3115 3066 | [Fluorapatite is the most widespread phosphate
ALO, 0.32 508 449 566 076 079 081 097 in the Krasno ore district. It occurs in a variety
S0, 0.05 002002 002 004 005 005 002 of morphological forms and is abundant in all
TiO, 0.48 160 109 211 022 018 016 0.61 . B 1999: B Seik 2006
As,O, 470 140 135 145 1647 1642 17.97 1324 its parts (Beran ; Beran — Sejkora 2000).
PO, 26.98 2760 2754 27.66 18.16 18.28 17.81 20.94 In the course of the present study fluorapatite
SO, 0.02 005 011 000 000 000 000 000 occurrences in phosphate accumulations and
HO™ | 1992 2031 2024 2038 1857 1856 1850 18.90 their surrounding have been examined in detail.
total 101.40 102.73 102.40 103.06 98.63 98.19 99.75 98.90 F £1 . ized with
Na 0.024 0002 0000 0004 0032 0033 0022 0052 | I ourtypesoffluorapatite were recognized wit
K 0.006 0.006 0.005 0.008 0.003 0.001 0.005 0.007 | regard to morphological character and position
Ca 0.038 0.003 0.005 0.002 0.006 0.006 0.009 0.003 in mineral association:
Fer 0.125 0.865 08388 0842 0485 0464 0439 0417 a) Fluorapatite I forms dark green, exception-
Ba 0.003 0.002 0.000 0.004 0.001 0.003 0.000 0.000 11 1 to black ined
S 0.000 0003 0.005 0.000 0.001 0000 0001 0001 | &Y YCUOW,gICy 10 black coarse-graned aggre-
Mg 0.223 0.000 0.000 0.000 0.013 0.002 0.000 0.017 gates with grains up to 5 cm, intergrown in
Pb 0.000 0.003 0.003 0.003 0.000 0.000 0.000 0.001 | white quartz in proximity of phosphate accumu-
Cu 0.028 0671 0634 0.707 0011 0005 0023 0000 | |atipns. In contrast to phosphate accumulation
Mn 0.368 0.001 0.000 0.002 0.024 0.036 0.021 0.031 | d only 5-20 ide. this fl ..
Zn 0.331 0033 0023 0043 0365 0344 0354 03g0 | ocatedonly >—20 mmaside, this fluorapatite is
Atotal 1.146 1589 1564 1614 0941 0895 0874 0908 | not altered by hydrothermal or supergene pro-
Al 0.030 0.495 0.439 0.552 0.074 0.077 0.078 0.093 cesses.
Fe 1.942 1405 1493 1317 1912 1911 1912 1870 b) Fluorapatite II is represented by compact
Ti* 0.028 0.100 0.068 0.131 0.014 0.011 0.010 0.037 fi ined fred-b
B total 2.000 2000 2000 2000 2000 2000 2000 2000 | (O Very line-grained aggregates of red-brown to
S 0.004 0.001 0.002 0.001 0.003 0.004 0.004 0.002 brown colour, from several mm to over 1 m in
As 0.194 0.061 0.058 0.063 0.717 0.712 0.766 0.561 size. Light pink, pink-brown and light brown
P 1.801 1.935 1.933 1936 1280 1284 1230 1437 | .o|oyr of the aggregates is less common. This
S 0.001 0.003 0.007 0.000 0.000 0.000 0.000 0.000 f tite is int ith whit ¢
T total 2.000 2000 2000 2000 2.000 2000 2.000 2.000 uorapatite 1s intergrown with whtte compac
H 10.282 11.271 11.197 11.345 9.854 9.769 9.726 9.795 | or coarse-grained quartz. Aggregates often con-
OH 2.287 3272 3196 3348 1.859 1762 1727 1792 | tain relics and nests of triplite (or zwieselite) of
H,0 3.997 3.999 4000 3.998 3.998 4.003 4.000 4.001 | yarighle colour. Detailed study indicates that

Empirical formulas were calculated on the basis of (P+As+Si+S) = 2.00;

* —calculation of Fe,, to Fe?* and Fe** is based on the assumption that Fe** (together
with Al* and Ti*) completely fills the B%* position and only the surplus Fe (above

2 pfu) entersthe site A% as Fe?*;

** —H,0 content is cal culated from theideal formula (H,O = 4.00) and charge balance.
1 — earlshannonite (spot analysis); 2 — Cu-rich whitmoreite (mean of two spot analy-
ses); 5 — Cu-poor whitmoreite (mean of nine spot analyses); 3, 4, 6, 7, 8 — selected spot

analyses of whitmoreite.

dipyramidal crystals, up to 1 cm in size (Fig. 40). They
are very brittle, water-clear and translucent or slightly tur-
bid to white and transparent, with an intense vitreous lus-
tre. Fluellite is associated with quartz, white and violet
fluorite, colourless to light yellowish topaz crystals, cas-
siterite, wavellite and dickite.

X-ray powder data of fluellite from Krasno (Table 11)
and its refined unit-cell parameters (Table 12) are in good
agreement with published data. The quantitative chemi-
cal analyses yielded ALLO,, P,O, and F only (Table 13).
Calculation of the theoretical content of H,O correspond-
ing to ideal formula provided the total near 120 wt. %.

fluorapatite II intensively replaced triplite (or
zwieselite) and it is in turn extensively replaced
by isokite. This process results in aggregates
composed of predominant isokite and showing
variable textures. Compact fluorapatite aggre-
gates of white, grey or light green colour, re-
placed in some instances by minerals of the
rockbridgeite — frondelite series, morinite, phos-
phosiderite, and UNK3 are less common. The compact
type of fluorapatite Il shows tendency to late hydrother-
mal or supergene alterations, resulting in cavities more
than 10 cm across.

¢) Fluorapatite III was found in leached cavities in
phosphate accumulations. It forms abundant corroded
relics, aggregates and particularly white powdery coat-
ings or filling. Fluorapatite III here also forms colour-
less, grey, or light pink fine acicular crystals with a silky
lustre and colourless, white beige, grey, light pink or
greenish tabular to columnar crystals to 1 mm in size,
grouped in small aggregates. Leucophosphite, pharmaco-
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Fig. 40 Translucent fluellite crystals near 1 cm in size in cavity of
coarse-grained quartz, Huber open pit, Krasno. Nicon SMZ1500 mi-
crophotography by J.&E. Sejkora.

siderite, kolbeckite, minerals of the turquoise group, and
UNK1, UNK3, UNK4, UNK6, UNK7, UNKS (Sejkora et
al. 2006) occur in close association with fluorapatite I11.

d) Fluorapatite IV occurs in cavities of quartz gangue,
without apparent relation to phosphate accumulations. It
forms irregular crystalline aggregates or minute acicular
to columnar crystals, sometimes grouped in radiating ag-

Table 11 X-ray powder diffraction data of fluellite

gregates. It is colourless, white, grey, yellowish, pink or
light violet and is associated with goyazite, crandallite,
pharmacosiderite, cassiterite, wolframite, fluorite and clay
minerals. Old historical finds of well-crystallized fluor-
apatite specimens showing variety of colours and crys-
tal morphology (Beran 1999), probably belong to this
type of occurrence.

All the described fluorapatite types were confirmed by
X-ray powder diffraction, in more than 70 individual
samples. Minor deviations from ideal fluorapatite diffrac-
tion patterns are probably caused by elevated contents of
Mn a Fe in the particular samples.

The general formula of fluorapatite can be presented
as A(TO,),Z, with 4-site dominanted by Ca, and vari-
able quantities of Mn, Fe, Sr, REE, Pb, Na etc. (Leroy —
Bres 2001; Chen et al. 2002; Hughes et al. 2004). The
tetrahedral 7-site contains P as strongly dominating ele-
ments besides As, V, C, Si, S, Mn*" and Cr** (Hughes et
al. 2004). In the Z-site, the fluorine content must be high-
er than (OH) or Cl (hydroxylapatite and chlorapatite).

Fluorapatites of all the morphological (or genetic)
types from the Huber open pit, from the 5" level of the
Huber shaft and from samples probably coming from the
Gellnauer vein system have been studied by electron mi-
croprobe (Table 14). It is interesting that chemical com-
position in all studied samples shows small variation, ir-
respective of their morphological or genetic type or actual

l, d h k | Iy d h k | |y d h k |
100 6.491 1 1 1 5 2.3162 3 1 5 7 1.6985 2 6 2
3 5.290 0 0o 4 5 22978 2 4 2 3  1.6863 5 1 1
9 4982 0 2 2 12 2.2590 3 3 1 7 1.6820 4 4 2
1 40910 1 1 3 26 21637 3 3 3 5 1.6585 0 6 6
8 3.964 2 0 2 7 2.1505 2 4 4 7 1.6327 3 5 5
6 3.409 2 2 0 13 21403 4 0 0 6 15715 5 1 5
43  3.244 2 2 2 6 2.0414 3 1 7 4 1.5673 2 2 12
18 3.094 1 3 3 5 1.9833 0 2 10 5 15462 2 6 6
8 2991 0 2 6 7 1.9579 2 4 6 7 15271 3 5 7
11 2.867 2 2 4 2 1.9437 1 3 9 5 1.4964 0 4 12
11  2.766 1 1 7 7 1.9391 1 5 5 5 14724 1 3 13
17 2743 3 1 1 6 1.8167 3 3 7 6 14331 4 4 8
3 2728 2 0 6 8 1.7987 2 2 10 6 1.3847 5 3 7
15 2670 1 3 5 7 1.7636 0 0 12 6 1.3720 6 2 2
2 2648 0 0 8 4 17611 3 5 1 9 1.3608 4 0 12
6 2489 0 4 4 5 1.7407 4 2 6
10 2452 2 2 6 11 1.7040 4 4 0
Table 13 Chemica composition of fluellite (in wt. %)
mean range (4 analyses) ideal
ALO, 36.40 36.06-36.98 30.89
PO, 27.29 26.93-27.74 21.51
Table 12 Unit-cell parameters of fludllite (for orthorhombic space group F 13.65 13.37-13.96 11.51
Fddd) H,0 47.95 40.95
-F=0 5.75 4.86
Krésno Cornwall Cornwall Australia total 119.54 100.00
this paper Guy — Jeffrey (1966) 1CDD 19-0038 ICDD 37-0450
a[A] 8.558(1) 8.546(8) 8.546 8.5726(8) Additional elementswere analyzed, including Na, K, Mn, Sr,
b[A] 11.274(1) 11.222(5) 11.259 11.255(1) Ca, Ba, Cu, Zn, Fe, Bi, Si, As, SaCl; the analysis confirmed
c[A] 21.179(2) 21.158(5) 21.151 21.186(2) their absence or abundances below detection limit of c. 0.01-
V [AT] 2043.5(3) 2029.12 2035.1 2044.1 0.05 wt. %.
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Table 14 Chemica composition of fluorapatite (in wt. %)

M M M M M O O O o o G G
Na,0 005 034 018 023 006 027 023 000 021 029 034 008
K,0 000 000 000 000 000 0.00 000 000 003 003 000 0.00
PbO 000 000 000 000 005 000 002 000 000 000 010 0.00
Cuo 000 000 000 000 000 0.00 000 0.00 000 024 022 0.00
ZnO 000 000 010 000 000 0.00 014 000 003 008 0.13 0.00
FeO 149 006 102 213 057 249 134 011 177 409 252 0.67
MnO 406 020 293 476 25 390 255 051 372 315 359 212
BaO 000 000 000 001 026 000 004 000 006 013 0.19 0.00
SrO 000 009 022 063 007 050 016 0.02 059 029 045 0.00
Cao 51.40 55.87 51.84 49.42 5199 48.36 49.81 55.00 49.52 46.26 49.02 52.84
MgO 000 000 005 004 001 009 030 002 005 005 002 0.00
ALO, 025 000 001 000 000 000 097 000 001 004 o001 0.00
TiO, 000 000 001 001 000 000 018 0.04 000 0.02 028 0.00
SO, 000 000 000 000 000 000 003 000 001 o008 002 0.00
PO, 4151 4154 41.79 40.82 4293 4049 40.63 43.12 41.32 3748 3950 42.00
As,O, 000 000 000 000 000 O0.00 000 0.00 000 000 0.00 0.00
SO, 003 101 016 026 000 045 005 004 036 053 015 0.04
Cl 000 003 051 111 001 122 000 0.08 088 089 068 0.00
F 371 305 365 251 344 262 326 368 313 309 329 3.37
-O=Cl 000 -001 -0.12 -025 0.00 -0.28 -015 -0.02 -0.20 -0.20 -0.15 0.00
-O=F -156 -1.28 -154 -1.06 -145 -110 -137 -155 -1.32 -130 -139 -142
*H,0 099 127 000 150 000 057 029 000 000 18 177 0.22
total 101.93 102.17 100.81 102.13 100.49 99.58 98.48 101.05 100.16 97.09 100.74 99.92
S 0.002 0.064 0.010 0.017 0.000 0.029 0.020 0.002 0.023 0.037 0.010 0.002
P 2998 2936 2990 2983 3.000 2971 2980 2998 2976 2956 2988 2.998
As 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Siet 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.007 0.002 0.000
subtot 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000
Ti* 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.002 0.000 0.001 0.018 0.000
Al 0.025 0.000 0.001 0.000 0.000 0.000 0.002 0.000 0.001 0.004 0.001 0.000
Pb?* 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.002 0.000
Cu* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.017 0.015 0.000
zn? 0.000 0.000 0.006 0.000 0.000 0.000 0.001 0.000 0.002 0.005 0.009 0.000
Fe* 0.106 0.004 0.072 0.154 0.039 0.181 0.096 0.008 0.126 0.319 0.189 0.047
Mn2+ 0.294 0.014 0.209 0.348 0.179 0.286 0.232 0.035 0.268 0.248 0.271 0.151
Ba?* 0.000 0.000 0.000 0.000 0.008 0.000 0.003 0.000 0.002 0.005 0.007 0.000
Sr2+ 0.000 0.004 0.011 0.031 0.003 0.025 0.020 0.001 0.029 0.016 0.023 0.000
Ce?* 4.698 4.999 4.695 4571 4599 4.490 4.643 4.840 4513 4618 4.692 4773
Mg? 0.000 0.000 0.006 0.005 0.002 0.011 0.006 0.002 0.006 0.007 0.003 0.000
Na* 0.008 0.056 0.029 0.038 0.009 0.045 0.038 0.000 0.034 0.053 0.059 0.013
K* 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.003 0.004 0.000 0.000
subtot 5131 5.077 5.031 5.148 4.841 5039 5043 4.888 4984 5297 5290 4.985
Cl- 0.001 0.004 0.073 0.163 0.001 0.179 0.100 0.011 0.126 0.141 0.104 0.001
F 1.002 0.805 0.975 0.686 0.897 0.718 0.889 0.956 0.842 0.911 0.930 0.897
*OH- 0.278 0.353 0.000 0.429 0.000 0.163 0.084 0.000 0.000 0.523 0.534 0.061
subtot 1281 1162 1.049 1.278 0.898 1.061 1.073 0.967 0968 1574 1567 0.958

O — Huber open pit; M — 5" level of the Huber shaft; G — Gellnauer vein system.

Empirical formulas were calculated on the basis of (P+As+S+Si) = 3 and charge balance; water content is

calculated from charge balance.

location. On the other hand, compositional variation in one
type of fluorapatite from a single location may exceed dif-
ferences among fluorapatite samples from other localities.

The A-site in fluorapatite from Krasno contains, in ad-
dition to dominating Ca, only Mn and Fe as important ele-
ments entering via homeovalent substitution (Mn,Fe)Ca .
Manganese shows the range of 0-0.39 apfu. The iron con-
tent is almost always lower than Mn content (Fig. 41), but
it is rather high (up to 0.32 apfu) in comparison with flu-
orapatites from pegmatites and granitic rocks (Moore
1982). Similar Fe contents in apatite were observed
from beryl-columbite-phosphate pegmatite in Olary Block,

Australia (up to 0.33 apfu), where apatite is associated with
triplite (Lottermoser — Lu 1997). Sr contents do not ex-
ceed 0.05 apfu. The total of Mn+Fe+Sr in part of speci-
mens correlates with Cl content (Fig. 42). The 7-site con-
tains only minor As and Si, the content of S is in the range
of 0 to 0.03 (a singular case with 0.07) apfis in addition to
dominating P. Regarding the Z-site occupancy, all studied
samples belong to fluorapatite (Fig. 43); F always domi-
nates over Cl and the content of (OH) was calculated by
stoichiometry. Empirical formulas calculated on the ba-
sis of (P+As+S+Si) = 3, corresponding to selected spot
analyses of fluorapatite from Krasno, are given in Table 14.
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@ fluorapatite, Huber opan pit (ihis paper)
W fworapatite, 5" level of the Huber shaft {ihis paper)
O fworapatite. vain systam Gelinauer (this paper)

Fig. 41 Part of ternary plot of A-site occupancy (atomic ratio) in fluo-
rapatite from Krasno.
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Fig. 42 A plot of apfu Cl vs. (Mn+Fe+Sr) in fluorapatite from Krasno.

Minerals of the frondelite — rockbridgeite series
Mn*Fe* (PO,),(OH), — Fe*'Fe** (PO ),(OH),

Minerals of the frondelite — rockbridgeite series were
encountered during the present study only in samples
from phosphate accumulation at the 5" level of the Hu-
ber shaft. Identification of rare rockbridgeite from more
abundant frondelite is possible only by quantitative study
of chemical composition.

Rockbridgeite occurs as fine-grained to compact ag-
gregates, up to several cm across, composed of tiny
equant grains less than 0.1 mm. The aggregates have dark
black-green or black colour with a dark green streak. This
mineral replaced older reddish brown fluorapatite and
probably also triplite (however, their contacts were rare-

@ fuorapatite, Huber opan pit (this paper)
W fluorapatite, 5 level of the Huber shatt
O fuorapatite, vein system Gelinauer (this paper)

Fig. 43 Ternary plot of Z-site occupancy (F-Cl-OH by difference) in
fluorapatite from Krasno.

ly observed) and it is intensively replaced by younger
beraunite, UNK9 and partly by the youngest light blue
phosphosiderite and Mn oxides. In triplite and rock-
bridgeite aggregates, younger phosphosiderite preferen-
tially replaced triplite (Fig. 44). Also observed was white,
fine-grained to compact fluorapatite IV, as one of the
youngest minerals in this association.

Frondelite forms up to 15 cm long aggregates replac-
ing older triplite and reddish-brown fluorapatite (partly
replaced by younger isokite). Frondelite occurs in two
distinct varieties showing differences in morfology and
colour. The older frondelite I forms crystalline aggregates
of dark black-green or black colour and dark green streak,

Fig. 44 Rockbridgeite (grey groundmass) with triplite relics (light) in-
tensively replaced by phosphosiderite (dark). 5% level of the Huber
shaft, Krasno. Width of photo 1200 pm. Cameca SX100, BSE photo-
graph by J. Sejkora and R. Skoda.
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with grain-size less than 0.1 mm (Fig. 45). Small cavi-
ties, 2-3 mm in size, rarely contain black minute, highly
lustrous prismatic crystals 0.1 mm in size (Fig. 46). The
younger type of frondelite II has been found as fine-
grained radiating aggregates, up to 1 cm in diameter, red-
brown to brown in colour (Fig. 47). Some of the aggre-
gates show colour zoning in various shades of brown. The
younger frondelite II is usually deposited directly on the
older green type I; in some cases, there are aggregates
of UNK9 at the boundary of the two types. Both types
of frondelite were replaced by beraunite and later on, all
these minerals by the youngest phosphosiderite (Fig. 48).
Morinite and purple-coloured strengite are closely asso-
ciated.

Fig. 45 Black frondelite I aggregates in compact mass of fluorapatite
partly replaced by isokite. 5" level of the Huber shaft, Krasno. Width
of 31 mm. Nicon SMZ1500 microphotography by J. & E. Sejkora.

Fig. 46 Prismatic crystals of frondelite I. 5" level of the Huber shaft,
Krasno. Width of 60 um. SEM photograph by J. Sejkora and J. Plasil.

Fig. 47 Radiating aggregates of younger frondelite II. 5" level of the
Huber shaft, Krasno. Width of 6 mm. Nicon SMZ1500 microphotog-
raphy by J. & E. Sejkora.

Fig. 48 Agregates of frondelite (F) and triplite (T); beraunite (B) re-
places frondelite; in the same sample beraunite and triplite are re-
placed by younger phosphosiderite (P). 5™ level of the Huber shaft,
Krasno. Width of photo 1000 pm. Cameca SX100, BSE photograph
by J. Sejkora and R. Skoda.

It is not possible to identify rockbridgeite from fron-
delite on the basis of X-ray diffraction data, as can be
seen from diffraction patterns of over 15 samples of
chemically defined material. The variation observed in
one species exceeds differences between the two species
(Table 15). The refined unit-cell parameters (Table 16)
correspond to the published data for minerals of rock-
bridgeite — frondelite series.

The chemical composition of minerals of the rock-
bridgeite — frondelite series can be expressed by the gen-
eral formula AB (TO,),(OH),. In order to simplify cal-
culation, it is assumed that the A-site is filled by Mn
(exclusively as Mn?"), Zn*" and other M" and M?* cations.
The Fe?' content is derived from filling the 4-site to ide-
al A = 1. The remaining Fe (as Fe*"), AI** and Ti*" fill
the B-site. It should be noted that Lindberg (1949) and
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Moore (1970) include in A4-site also Fe*" and in B-site
also Mn**; Lindberg — Frondel (1950) considered entry
of Zn*" exclusively in B-site in Zn-rich rockbridgeite,
without any supporting evidence.

The A-site occupancy indicates that majority of stud-
ied samples from Krasno (Fig. 49) corresponds to fron-

Table 15 X-ray powder diffraction data of minerals in the series
rockbridgeite — frondelite.

sample A sample B sample C
g d g g d h k |
64 6.913 61 6.967 63 6.929 0 2 0
17 4.840 15 4.846 27 4.842 1 1 0
18 4.623 12 4.658 25 4.652 1 1 1
21 4.367 11 4.366 30 4.366 0 2 3
31 4.208 15 4.209 41 4.221 0 0 4
33 3.665 21 3.673 37 3.665 1 1 3
53 3.595 41 3.602 71 3.605 0 2 4
51 3.447 49 3.456 50 3.444 1 3 0
83 3.386 100 3.413 87 3.392 0 4 1
3.386 23 3.389 29 3.377 1 3 1
100 3.184 88 3.198 100 3.189 1 3 2
34 3.027 33 3.030 51 3.037 0 2 5
26 2957 22 2964 31 2960 0 4 3
38 2798 23 2.805 35 2817 0 0 6
41  2.763 31 2.763 42 2770 1 1 5
_— 22 2.683 34 2677 0 4 4
29 2588 19 2589 33 2583 2 0 O
37 2.4269 47 2.4259 54 2.4319 1 1 6
2.4269 2.4259 33 24178 1 5 1
29 2.4083 31 24101 61 24117 1 3 5
23 2.2720 17 2.2671 38 2.2781 0 2 7
21 2.1759 17 2.1783 29 2.1804 1 3 6
20 2.1537 20 2.1529 37 2.1601 1 1 7
_— 19 2.1180 38 21127 1 5 4
23 2.0601 17 2.0662 36 2.0575 2 4 1
21 2.0227 20 2.0340 35 2.0257 0 6 4
31 1.9647 21 1.9681 33 1.9678 2 2 5
16 1.8487 17 1.8599 36 1.8491 1 7 0
15 1.8308 16 1.8347 34 1.8317 2 2 6
13 1.7312 9 1.7420 33 1.7329 0 8 0
19 1.7136 11 1.7143 32 1.7174 1 5 7
14 1.6933 9 1.6903 19 1.6892 2 6 2
13 1.6813 7 1.6804 18 1.6866 0 0 10
21 1.6425 16 1.6464 31 1.6496 0 4 9
17 1.6055 19 1.6092 33 1.6035 0 8 4
15 1.5938 17 1.5947 29 1.5976 2 6 4
13 1.5876 11 1.5889 19 1.5912 3 3 2
1.5876 1.5889 1.5912 2 2 8

A —Mn-rich rockbridgeite (A-site: Fe, Mn,..Zn, ,Ca, )
B —Dblack-green granular frondelite | (A-site: Mn, Fe, .Zn, .Ca, ,Na, )
C — brown-black frondelite Il from radiating aggregate
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Fig. 49 Ternary plot of A-site occupancy (atomic ratio) in minerals of
the rockbridgeite — frondelite series from Krasno. Zn etc. =
Zn+Na+K+Ca+Ba+Sr+Mg+Pb+Cu.
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Fig. 50 Part of ternary plot of B-site occupancy (atomic ratio) in min-
erals of the rockbridgeite — frondelite series from Krasno.

Table 16 Unit-cell parameters of minerals of the rockbridgeite — frondelite series (for orthorhombic space group Cmem)

Krésno A Krésno B Krasno C rockbridgeite rockbridgeite frondelite frondelite

this paper this paper this paper ICDD 34-150 Moore (1970) ICDD 35-625 ICDD 8-83
a[A] 5.176(3) 5.176(2) 5.177(2) 5.185(1) 5.172(4) 5.182(1) 521
b[A] 13.873(7) 13.932(5) 13.864(5) 13.846(2) 13.78(1) 13.810(1) 13.89
c[A] 16.810(8) 16.811(6) 16.878(5) 16.782(2) 16.805(9) 16.968(3) 17.01
V[A3] | 1207.1(8) 1212.4(6) 1211.4(5) 1204.8 1198.0 1214.3 1231.0

A —Mn-rich rockbridgeite (A-site: Fe, Mn ..Zn, ,Ca, )
B — black-green granular frondelite | (A-site: Mn,Fe, .Zn, .Ca, .Ng )

C —brown-black frondelite Il from radiating aggregate (A-site: Mn , Zn, Ca .Na, )
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Fig. 51 Correlation of Al vs. Mn and Zn in minerals of the rockbridgeite
— frondelite series from Krasno, expressed by regression curves.
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delite with Mn content 0.44—1.02 apfu Mn, Fe** (up to
0.44), Zn (up to 0.16), Na, Ca and Mg (max. 0.08 apfu).
Only several samples correspond to Mn-rich rock-
bridgeite with Fe?* (0.45-0.63 apfu) predominating above
Mn (0.30-0.45 apfu) and only minor Zn (up to 0.06
apfu). The B-site in frondelite and rockbridgeite (Fig. 50)
contains in addition to Fe3* also Al (up to 0.51 apfu) and
minor Ti to 0.02 apfu. It is interesting that increasing Al
in B-site correlates with decrease in Mn and increase in
Zn in A-site (Fig. 51). The tetrahedral 7-site contains
besides predominating P only minor contents of As, Si
and S (max. 0.01-0.02 apfu). None of the studied sam-
ples shows substitution of (OH) by Cl or F. The empirical
formulas calculated on the basis of (P+As+S+Si) = 3, cor-
responding to representative spot analyses of minerals of
the rockbridgeite — frondelite series from Krasno, are pre-
sented in Table 17.

Table 17 Chemical composition of minerals of rockbridgeite — frondelite series (in wt. %). Goyazite

1 2 3 4 5 6 7 8 9 10 see minerals of the crandallite group
Na,0 001 002 000 003 007 000 000 007 012 016
K,0 000 000 001 000 000 000 000 001 001 000 .
cao 024 015 012 000 008 007 007 037 002 031  lsoKite CaMg(PO)F
FeO* 679 616 597 513 400 375 314 078 000 000 . S
BaO 015 007 013 004 000 028 003 000 011 0.00 Fischer (1957) described isokite in sam-
S0 000 000 001 001 003 000 000 002 000 010 | ples collected by J. Kutina on dumps in
MgO 003 003 003 011 011 007 000 004 003 005 ; o gy
PbO 015 006 00l 000 011 001 000 000 004 oop | ¢ Horni Slavkov ore district (mining
cuo 009 002 000 051 000 021 000 000 000 000 | arcaatthe Schndd stock) as fine-grained
MnO 339 403 440 486 485 611 695 816 1122 886 compact aggregates in association with
z?o 055 054 047 013 196 078 086 095 087 097 | triplite and (fluor)apatite. Fisher (1957)
ALO, 347 139 250 034 405 098 212 114 089 138 | . . R :
FeOr | 4311 4624 4493 4731 4310 4703 4388 4660 4433 asgl |~ | his somewhat fentative interpretation
TiO, 002 003 002 006 008 004 013 020 019 o001 | assumed that isokite was formed by a late
S0, 003 007 002 007 002 000 005 005 000 011 | hydrothermal alteration of dark (“light
As,0q 007 000 001 000 026 023 009 001 000 000 brown”) type of triplite and mentioned its
PO, | 3329 3280 3293 3234 3271 3277 3248 3145 3290 3182 o e
SO, 006 000 004 000 000 004 011 000 000 O0op  ormation inthe sequence triplite —iso
H,0* 654 663 677 658 702 672 635 712 615 637 | Kite—apatite. Information obtained in the
total 97.98 9823 9835 97.50 98.43 99.08 96.24 97.05 96.89 94.95 present study indicates that some data
Na' 0001 0004 0.000 0006 0014 0000 0000 0014 0025 0035 | presented by Fisher (1957) are somewhat
K 0,000 0.000 0.001 0000 0.000 0.000 0000 0.002 0.002 0.000 L - i
ce 0028 0017 0014 0000 0009 0008 0008 0045 0003 00g7| Problematic, in particular the position of
Fe> 0602 0556 0537 0470 0359 0336 0285 0.074 0000 0000 apatite, which he considered as younger
Ba? 0.006 0.003 0.005 0.002 0.000 0.012 0.001 0.000 0.004 0.000 than isokite, and particularly the sugges-
S 0000 0000 0.001 0001 0002 0.000 0000 0001 0000 0006 | tion concerning quartz: (“... quartz
Mg 0004 0005 0004 0018 0018 0011 0000 0.007 0005 0008 gowne bocicokite ™)
Po2" 0004 0002 0000 0.000 0003 0.000 0.000 0000 0.001 0.000 b e
cu 0.007 0001 0.000 0042 0000 0017 0000 0000 0000 0000 During our research, isokite has been
M2t 0.304 0.369 0.400 0.451 0.440 0.555 0.638 0.778 1.024 0.836 identified as one of the most widespread
subtotal | 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1133 1.001| : -
Al 0433 0177 0316 0043 0513 0123 0270 0151 0113 01gL| 5 Probable thatin the past, isokite was
Fe 3438 3760 3634 3901 3480 3791 3579 3957 3502 3755 ~ considered compact fluorapatite, due to
Tid 0002 0002 0002 0005 0006 0.003 0010 0017 0015 0001 its inconspicuous appearance. Newly
subtotal | 3874 3938 3952 3949 3999 3917 3860 4125 3721 3937 studied isokite samples come from nu-
St 0003 0008 0.002 0008 0002 0.000 0005 0.006 0.000 0.012 : :
A" 0.004 0000 0.000 0000 0014 0013 0.005 0001 0000 0oop| Merous places in the Huber open pit,
Pt 2988 2992 2994 2992 2983 2984 2981 2993 3000 2987 | Irom phosphate accumulations at the 5
s 0,005 0000 0.003 0000 0.000 0.003 0009 0000 0.000 0000  level of Huber shaft and it was identified
subtotal | 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 |  in historical museum specimens from the
OoH 4624 4778 4854 4810 5025 4801 4591 5349 4418 4732

1-4 rockbridgeite, Krésno; 5-10 frondelite, Krésno

FeO* and Fe,O,* — calculated on the basis of assumed occupancy of A- and B- sites,

H,O* — calculated on the basis of charge balance.

Gellnauer vein system. No differences
have been noted in macroscopic and mi-
croscopic properties among isokite sam-
ples collected at various partial localities.
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The most common and inconspicuous form of isokite is
as rather hard and compact fine-grained aggregates of
light pink, pink-brown to light brown colour with a weak
greasy lustre, up to 10 cm across (Fig. 52). Isokite is in-
tergrown with variable quantity of older fluorapatite in
these aggregates, which are macroscopically indistin-
quishable from aggregates of fluorapatite around older
triplite (with various colour), always intergrown in mas-
sive and coarse-grained quartz. The microscopic obser-
vations show that isokite always replaced only fluorapa-
tite and not directly triplite (Fig. 53). The observed
interfaces triplite — isokite are free of indications of al-
teration, but isokite aggregates often contain fluorapatite
relics (Fig. 54). Hochleitner — Fehr (2005) described a
similar occurrence of compact isokite formed in the se-
qunce triplite — Mn-rich fluorapatite — isokite from peg-
matite at Senhora de Assun¢ao (Portugal).

Fig. 52 Aggregates of compact isokite (intergrown with fluorapatite)
around aggregates of older triplite with white quartz. 5" level of the
Huber shaft, Krasno. Width of photo 20 mm. Nicon SMZ1500 micro-
photography by J. & E. Sejkora.

Fig. 53 Irregular zoned aggregate of isokite (dark) replacing fluorapa-
tite (grey), which replaced the oldest mineral triplite (white), Huber
open pit, Krasno. Width of photo 500 pm. BSE photograph Cameca
SX100 by J. Sejkora and R. Skoda.

A second type of isokite forms soft, incoherent to
earthy aggregates, up to 5 cm in size, of whitish, yellow-
ish, light pink to yellow-brown colour. It is macroscopi-
cally more conspicuous than isokite of the first type. It
is associated with compact isokite aggregates of the first
type, fluorapatite and triplite. The soft isokite II aggre-
gates are composed of fine, equant and usually corroded
grains less than 0.1 mm in size (Fig. 55). Analyses of
both types of isokite from various places show chemical
and X-ray diffraction identity. In the preferred interpre-
tation, soft isokite II was produced by weathering of less
stable fluorapatite in compact isokite+fluorapatite aggre-
gates, not formed as a younger (second) generation of
isokite. Isokite I and II are associated with fluorapatite,
triplite (zwieselite), minerals of the rockbridgeite — fron-
delite series, rare whitmoreite, turquoise group minerals,
strengite, UNK3, zircon, Nb-rich rutile and sulfides (ar-
senopyrite, chalcopyrite etc.). Small parallel aggregates
of acicular isokite III crystals of mm scale have been
observed in cavities of phosphate accumulations
(Fig. 56). This very rare type of isokite III probably rep-

Fig. 54 Isokite aggregate (darker groundmass) with numerous replace-
ment relics of fluorapatite (light). Huber open pit, Krasno. Width of
photo 800 pm. BSE photograph Cameca SX100 by J. Sejkora and
R. Skoda.

Fig. 55 Irregular isokite grains. 5" level of the Huber shaft, Krasno.
Width of photo 60 um. SEM photograph by J. Sejkora.
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Fig. 56 Aggregate of isokite acicular crystals in parallel growth.
Huber open pit, Krasno. Width of photo 130 pm. SEM photograph

by M. Fikar.

Table 18 X-ray powder diffraction pattern of isokite

Ca, B-site by Mg, tetrahedral 7-site by P and Z-site by
F (isokite) or OH (panasqueiraite, Isaacs — Peacor 1981).
The isokite chemical composition in all analyzed sam-
ples is rather similar and is very close to the end mem-
ber composition (Table 20). Fluorine content shows a
higher variability (Fig. 57), from the Huber open pit
(0.68-0.84) to the 5" level of the Huber shaft (0.78-0.91
apfu F). Ca and Mg contents (4- and B- site) are near
the theoretical ratio 1:1 (0.95-1.01 apfu Ca; 0.86—1.01
apfu Mg). The minor contents of Fe (0.01-0.08 apfu, in
samples from the Gellnauer vein system 0.10-0.12 apfu)
and Mn (0.01-0.02 apfu) enter the isokite structure by
substitutions (Fe,Mn)Ca_ and (Fe,Mn)Mg_,, without
showing a preference for one of the alternatives (Fig. 58).
Analyzed samples from the 5" level of the Huber shaft
show slightly increased contents of Na (Fig. 59) and S
(Fig. 60) in comparison with other samples. The Na con-

ly d h k I la d h k I I d h k I
17 4377 0 2 0 26 2.0690 0 4 1 13 1.5368 1 3 -4
13 3.614 0 2 1 25 2.0393 3 1 -1 13 1.5199 4 2 -2
39 3198 0 0o 2 14 19598 3 1 -3 9 15073 4 0 -4
100 3.177 1 1 1 19 1.8829 1 3 -3 10 1.4949 3 3 -4
68 3.016 2 0o -2 16 1.8709 2 0 -4 22 1.4795 1 3 3
31 27833 2 0 O 24 1.8052 0 4 2 5 14505 3 1 5
86 2.6253 1 3 -1 12 1.7710 1 1 -4 11 1.4269 1 5 -3
49 25829 O 2 2 11 1.7387 3 3 -2 9 1.4214 2 4 -4
49  2.5829 1 3 0 63 1.7192 2 2 -4 15 1.3917 4 0 0
7 24845 2 2 -2 27 1.7052 2 0 2 11 1.3863 3 3 1
2 23782 1 1 -3 7 1.6850 1 1 3 14 1.3435 3 5 -1
44 2.2987 1 3 -2 9 1.6693 1 5 0 17 1.3127 2 6 -2
33 2.2287 1 1 2 28 1.6552 3 3 -3 12 1.3026 4 4 -2
35 22155 1 3 1 12 1.6020 0 0 4 13 1.2769 1 3 -5
29 2103 3 1 -2 25 1.5564 1 5 1 15 1.2343 2 0 -6
Table 19 Unit-cell parameters of isokite (for monoclinic space group C2/c) F
Krésno Senhora de Assuncéo Isoka
this paper Hochleitner — Fehr (2005) Deans— McConnell (1955)
a[A] 6.517(1) 6.527(5) 6.52(5)
b[A] 8.746(1) 8.744(5) 8.75(5)
c[A] 7.499(1) 7.501(6) 7.51(5)
B 121.35(1) 121.34(1) 121.5(2)
V[A3 | 365.0(1) 365.68 365.3

resents a true younger, remobilized generation of this
mineral.

X-ray powder diffraction data for isokite from Kras-
no (Table 18) correspond to published data. The unit-cell
parameters were refined in the space group C2/c (Table 19).
The alternative of non-standard space group 42/a, proposed
by Jaffe et al. (1992) with regard to probable isostruc-
tural relation of isokite to titanite (Povarennykh 1972),
yields on theoretical calculation of diffraction maxima
intensity values which do not correspond to experimen-
tally obtained patterns.

The general chemical formula for isokite-related min-
erals is AB(TO,)Z. The A-site is occupied dominantly by

[ .parme..qualral-ta

100 | i
o 1 20 ki) 40 50 80 T B0 & 100
Ci CH
@ (sokie, Huber open pit, Krasno (this paper)
W isokite, Sth level of the Huber shafi, Krésno (this paper)
O isokie, vean system Galinauer, Krdsno (this paper)

Fig. 57 Ternary plot of F-CI-OH occupancy in Z-site (atomic ratio) for
isokite from Krasno.
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Table 20 Chemica composition of isokite (in wt. %)

M (0] M M G G M M
Na,0 034 004 018 008 011 015 0.07 0.06
K,0 002 001 001 001 0.00 0.00 0.02 0.02
Ca0 30.75 31.05 30.33 30.84 29.19 29.97 3153 3211
SrO 001 007 012 000 0.06 0.04 0.02 0.06
BaO 000 013 000 000 0.00 0.04 013 0.00
MgO 21.32 21.68 20.83 19.74 20.68 18.97 20.91 21.24
MnO 073 052 044 070 032 050 027 038
FeO 173 144 132 231 486 417 148 101
Cuo 000 000 024 001 023 0.07 0.00 010
ZnO 006 008 000 000 0.00 0.09 004 011
PbO 004 002 000 007 000 0.03 014 0.00
ALO, 000 000 000 003 007 000 0.05 0.03
TiO, 013 001 025 004 0.08 014 0.01 0.07
SO, 000 000 004 004 006 000 0.05 0.10
PO, 39.36 40.27 39.38 38.68 38.10 37.96 40.19 40.13
As,O, 002 008 000 000 002 013 0.00 0.00
SO, 051 014 034 025 025 013 0.00 0.00
Cl 019 002 004 002 006 003 0.02 0.01
F 936 802 936 945 856 889 940 948
-O=FCl | -398 -338 -395 -398 -362 -3.75 -396 -3.99
*H,0 057 102 020 024 132 066 023 042
total 101.14 101.22 99.11 98.52 100.35 98.23 100.61 101.32
Na 0.020 0.002 0.010 0.005 0.006 0.009 0.004 0.003
K* 0.001 0.000 0.000 0.001 0.000 0.000 0.001 0.001
Ca* 0974 0969 0.964 0.999 0.959 0.991 0.989 1.007
Sr2 0.000 0.001 0.002 0.000 0.001 0.001 0.000 0.001
Ba* 0.000 0.001 0.000 0.000 0.000 0.000 0.002 0.000
Mg? 0.940 0941 0921 0.890 0.945 0.873 0.912 0.926
Mn2+ 0.018 0.013 0.011 0.018 0.008 0.013 0.007 0.009
Fe? 0.043 0.035 0.033 0.058 0.125 0.108 0.036 0.025
Cu* 0.000 0.000 0.005 0.000 0.005 0.002 0.000 0.002
zn? 0.001 0.002 0.000 0.000 0.000 0.002 0.001 0.002
Pb?* 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.000
Al 0.000 0.000 0.000 0.001 0.002 0.000 0.002 0.001
Ti* 0.003 0.000 0.006 0.001 0.002 0.003 0.000 0.002
subtotal 1998 1965 1.946 1973 2.052 1.999 1954 1977
Siet 0.000 0.000 0.001 0.001 0.002 0.000 0.002 0.003
P 0.988 0.996 0991 0.993 0.992 0.995 0.998 0.997
As™ 0.000 0.001 0.000 0.000 0.000 0.002 0.000 0.000
S 0.011 0.003 0.007 0.006 0.006 0.003 0.000 0.000
subtotal 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
F 0.875 0.738 0.878 0.903 0.830 0.867 0.870 0.877
Cl- 0.009 0.001 0.002 0.001 0.003 0.002 0.001 0.001
*OH- 0.113 0.199 0.040 0.050 0.266 0.136 0.045 0.083
subtotal 0.998 0.939 0.920 0.954 1.100 1.005 0.915 0.960

M — 5" level, Huber shaft; O — Huber open pit; G — Gellnauer vein system.

Empirica formulaswere calculated on thebasisof (P+As+S+S)) = 1 and charge

balance; H,0 content is calculated from charge balance.

tent is probably not controlled by the substitution NaAl-
Ca_ Mg _, as could be suggested by structural relationship
with lacroixite NaAIPO,(F,OH)), but probably by substi-
tution of the type NaSR*" P_ (Fig. 59), which is related
to a hypothetic end-member composition NaR**SO,(F,OH).
The empirical formulas of isokite from Krasno calculated
on the basis of (P+As+S+Si) = 1 are given in Table 20.

Kolbeckite ScPO, . 2H,0

The uncommon occurences of kolbeckite are tied to ir-
regular cavities (up to 6 cm) in strongly altered phosphate
accumulations (fluorapatite and isokite; rarely with trip-
lite relics) in the Huber open pit. The mineral forms
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Fig. 58 Correlation of Ca/(Ca+Mn+Fe) and Mg/(Mg+Mn+Fe) for
isokite from Krasno close to 1:1 (indicated by line) shows no
preference in entry of Mn and Fe in the Ca-site or the Mg-site,
respectively. Concentrations of elements are in apfu.
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Fig. 59 A plot of apfu S vs. Na in isokite from Krasno. Positive
corelation of Na and S close to 1:1 (indicated by line) suggests
substitution NaSR*" P .
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Fig. 60 A plot of apfu P vs. apfu S for isokite from Krasno. The
line corresponds to an ideal correlation P+S = 1.
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minute crystalline aggregates of whitish colour, up to
200 pm large. The white colour of kolbeckite, relative to
distinctly blue kolbeckite crystals from the nearby local-
ity Vysoky kamen (Sejkora et al. 2006), makes the min-

Fig. 61 Kolbeckite aggregates (dark grey) overgrown by elongated crys-
tals of UNK3 (in places with rhombic shapes), zoned aggregates of
mineral of the turquoise group (darker) and pharmacosiderite crystals
(light); also present are distinctly tabular aggregates of UNK/. Huber
open pit, Krasno. Width of photo 400 um. Cameca SX100, BSE pho-
tograph by J. Sejkora and R. Skoda.

phasphassdents 2

AR+ 0 9 W W 40 KN 80 W 80 W W0 pait

mertarvarscibe

B kobeckile, Huber open pd, Krksno (Bhis papssi)
W kobeckile, varicus cocumences [Hey & ol 15832)

Fig. 62 Ternary plot of Sc-Fe-Al occupancy of cation site (atomic ra-
tio) for kolbeckite.

eral inconspicuous and similar, both macroscopically and
microscopically, to aggregates of late fluorapatite or leu-
cophosphite. Kolbeckite aggregates (Fig. 61) are usual-
ly intergrown with minerals of the turquoise group,
UNK3, pharmacosiderite, UNK/ and closely associated
with fluorapatite, leucophosphite and rutile.

Due to the small size of the aggregates, kolbeckite
samples were examined only by electron microprobe (Ta-
ble 21). The cation-group in kolbeckite (Fig. 62) contains
besides the dominant Sc (0.63—-0.75 apfu) significant Al
(0.06-0.11 apfu) and especially Fe** (0.14-0.28 apfu).
Up to present, significant Fe*" (0.28 apfu) contents were
reported only in kolbeckite from Potash Sulfur Springs,
Arkansas (Hey et al. 1982). In the anion group, domi-
nant P is accompanied by low As (up to c. 0.02 apfu) and
traces of S and Si (max. 0.002 apfu). The empirical
formula of kolbeckite from the Huber open pit is
(Sc,, Fe, 0Al (PO,), , - 2.00H,0.

0.08)20.97 1.00

Table 21 Chemica composition of kolbeckite (in wt. %)

men 1 2 3 4 5 *1
Zno 034 064 054 042 000 012
MnO 006 000 000 003 009 017
cao 006 000 012 008 005 007
PbO 0.05 013 011
BaO 004 000 000 006 000 015
S,0, | 2653 2583 2865 27.38 2349 27.32 39.19
A, 229 270 158 161 236 321
Fe,0, 855 945 707 7.88 1235 601
SO, 003 000 003 003 003 005
As,0, 060 075 054 092 069 011
PO, 30.03 39.37 3929 3830 3825 39.94 40.33
o, 004 003 008 000 000 009
H,O* | 2028 20.31 2030 2015 20.12 20.44 20.48
total 97.91 99.06 9821 96.86 97.54 97.78 100.00
Ca 0.002 0.000 0.004 0003 0.002 0.002 0.000
Ba 0.000 0.000 0.000 0.001 0.000 0.002 0.000
Pb 0.000 0.000 0.000 0.000 0.001 0.001 0.000
Mn 0.002 0.000 0.000 0.001 0.002 0.004 0.000
Zn 0.008 0014 0012 0009 0.000 0.003 0.000
Al 0.082 0095 0.056 0058 0.085 0.113 0.000
Fe 0194 0212 0160 0.182 0284 0.135 0.000
s 0699 0671 0.751 0733 0625 0714 1.000
s 0.001 0000 0.001 0001 0.001 0.002 0.000
As* 0.009 0012 0009 0015 0011 0.002 0.000
P 0999 0994 1001 0996 0990 1.013 1.000
s 0.001 0001 0002 0.000 0.000 0.002 0.000
H 4002 4004 4002 3998 4.001 3.996 4.001
H,0 2001 2002 2001 1999 2000 1998 2.000

mean and five (1-5) spot analyses; *1 — theoretical composition of
kolbeckite ScPO, . 2H,0

Empirical formulas were calculated on the basis of 6 O apfu;
H,O* —water content calculated from the ideal formula (H,0 = 2.00).

Leucophosphite KFe,(PO,),(OH) . 2H,0

Common leucophosphite as one of the latest minerals in
corroded cavities in phosphate accumulations has been
found in samples from the Huber open pit. It typically
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forms rich crystalline aggregates or crusts up to 0.5 cm
in size, composed of well-formed tabular crystals (Figs
63, 64) only 0.1-1 mm, exceptionally 3 mm long. Leu-
cophosphite is colourless and translucent, light yellow-
ish, grey or grey green and has a strong vitreous lustre.
Fluorapatite, minerals of the turquoise group, pharmaco-
siderite, kolbeckite, whitmoreite and probable new spe-
cies UNKI, UNK3, UNK6, UNK7, UNKS, UNKI0 (Se-
jkora et al. 2006) are associated. One cavity contained
K-deficient leucophosphite (designated as type b below)
in yellowish crystalline aggregates (Figs 65, 66) several
mm in size, intergrown in and overgrown on fibrous be-
raunite aggregates in association with UNK3 (Fig. 67).
The individual tabular crystals are well-formed and sim-
ilar to those of the first type decribed.

The X-ray powder data and refined unit-cell parame-
ters (Table 22) for the two types of leucophosphite are
closely similar and correspond to published data for this
species and also to the theoretical pattern calculated from
structural data (Dick — Zeiske 1997). For K-deficient leu-

Fig. 63 Leucophosphite (a) crystal in a cavity in phoshate aggregate;
Huber open pit, Krasno. Width of photo 2 mm. Microphotography
Nicon SMZ1500 by J. & E. Sejkora.

Fig. 64 Tabular leucophosphite (a) crystals; Huber open pit, Krasno.
Width of photo 110 um. SEM photograph by J. Sejkora.

Fig. 65 Crystals of K-deficient leucosphosphite (b) on beraunite; Hu-
ber open pit, Krasno. Width of photo 2 mm. Nicon SMZ1500 micro-
photography by J. & E. Sejkora.

Table 22 Unit-cell parameters of leucophosphite (for monoclinic space group P2,/n)

Krésno (@)  Krésno (b) Sapucaia Tip Top Té&skov

this paper this paper Lindberg (1957) Moore (1972) Dick — Zeiske (1997)
a[A] 9.770(8) 9.807(5) 9.73(4) 9.782(9) 9.758(4)
b[A] 9.649(4) 9.677(3) 9.60(4) 9.658(9) 9.647(4)
c[A] 9.683(7) 9.684(4) 9.69(4) 9.751(9) 9.736(4)
B 102.47(1)  102.36(1) 102.3(3) 102.24(1) 102.50(3)
VI[A3 | 891.4(5) 897.7(4) 884.4 900.2 894.8
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Fig. 66 Crystals of K-deficient leucophosphite (b) on fibrous beraun-
ite; Huber open pit, Krasno. Width of photo 40 um. SEM photograph
by J. Sejkora.

Fig. 67 Zoned crystalline aggregates of K-deficient leucophosphite (b)
intergrown with aggregates of fibrous beraunite; (zoning is caused by
Fe/Al and P/As variation, K content is constant). The white grains cor-
respond to UNK3. Huber open pit, Krasno. Width of photo 300 pm.
Cameca SX100, BSE photograph by J. Sejkora and R. Skoda.

cophosphite (b) the parameter a (9.807 A) is higher than
the published data (9.73-9.78 A). This increase in a val-
ue does not correspond to the trends of known substitu-
tion (K-NH,, Fe-Al) in leucophosphite-group minerals
(Marincea et al. 2002).

The ideal formula for leucophosphite-related minerals
(Dick — Zeiske 1997) can be expressed as M'""M**,

(PO,),(OH) . 2H,0. The M" site is filled by K (leuco-
phosphite, tinsleyite), (NH,) group (spheniscidite) and a
smaller quantity of Na. The M* site is dominated by Fe**
(leucophosphite, spheniscidite) or AI** (tinsleyite). Quan-
titative chemical analyses of leucophosphite (Table 23)
show that there are two varieties with different occupan-
cy of the M'* site in the general formula (Fig. 68). In the
predominating variety (a) the site M'* is almost complete-
ly filled by K (0.84 to 0.98 apfir), accompanied by mi-
nor Na (max. 0.02 apfu) and deficit in M'* site is in the
range of 0.02—0.15 pfu. The less common variety (b) con-
tains in the M'* site only 0.48 to 0.67 apfu K, accompa-
nied by Na max. 0.01 apfu and a significant deficit in the
range of 0.33-0.52 pfu. This deficit could be explained
by the presence of (NH,)"ion in place of K, i.e., by sub-
stitution toward sphenicsidite. However, this mineral has
been described only from guano beds (Wilson — Bain
1976, 1986), from phosphate concretions hosted in Mi-
ocene diatomites and diatomaceous shales (Medrano —
Piper 1997), and from highly fertilized soils (Dick —
Zeiske 1997). The possible presence of the (NH,)" group
in the two types of leucophosphite from Krasno was ex-
amined by infrared absorption spektroskopy (FTIR spec-
trophotometr Nicolet 740, KBr disk, analyst M. Novot-
nd). However, both samples gave practically identical
infrared spectra and there were no absorption bands in
regions charakteristic for bond vibrations of (NH,)"
groups (Farmer et al. 1974). Therefore, presence of va-
cancies is a probable explanation for deficiency of cat-
ions in the M'" site. The structure of leucophosphite is
characterized by position of weakly bonded K atoms in
channels running parallel to the b-axis (Dick — Zeiske
1997). Some of the published analyses of leucophosphite-
related minerals also show deficit in M'* site [leucoph-

O ©° 1w 2 M 4 5N s 0 s w0 100 N

® lescophosphie (a), Krdsno (Hhis pager)
¥ lewcophosphite (b} Krédsno (this pagpar)

Fig. 68 Ternary plot of occupation of M'" site (atomic ratio) in leuco-
phosphite, Huber open pit, Krasno. 0 — vacancy in M'" site.
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Table 23 Chemica composition of leucophosphite (wt. %).

leucophosphite (b) — K-deficient leucophosphite (a)

mean 1 2 3 4 mean 5 6 7 8
Na,0 002 000 0.01 001 001 005 004 009 001 011
K,O 775 595 719 837 837 1087 1046 1149 11.09 10.91
Ca0 012 031 0.09 012 009 015 064 005 010 0.00
BaO 0.03 000 0.00 000 000 007 000 000 032 0.00
SrO 0.00 000 0.00 000 000 003 011 0.00 000 0.00
MnO 0.07 017 0.00 010 003 0.03 002 002 010 0.00
PbO 0.02 012 0.00 004 000 003 000 006 019 0.07
Cuo 0.00 035 046 0.00 004 046
Zn0o 056 082 034 068 032 037 024 013 030 012
ALO, 382 135 556 331 631 343 356 588 450 19
Fe,0, 37.23 39.18 34.35 3811 3397 3321 3216 30.93 3214 36.32
SO, 0.02 003 0.00 000 000 001 000 002 002 0.03
TiO, 022 003 051 020 034 025 011 017 021 042
AsQ, 117 180 042 100 029 076 294 010 034 0.76
PO, 37.05 3595 3830 37.04 3759 3536 35.13 36.55 36.10 35.06
SO, 0.02 008 0.00 003 004 006 015 0.09 016 0.00
H,O0* 12.02 1150 1195 1212 1236 11.74 11.20 11.98 11.75 11.92
total 100.11 97.29 98.72 101.13 99.70 96.79 97.20 97.55 97.36 98.12
Na 0.002 0.000 0.001 0.001 0.001 0.007 0.004 0.011 0.001 0.014
K 0.618 0.483 0.562 0.670 0.667 0.913 0.850 0.943 0.917 0.924
O 0.380 0517 0.437 0.329 0.333 0.081 0.146 0.046 0.082 0.063
total M** site 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Ca 0.008 0.021 0.006 0.008 0.006 0.010 0.044 0.003 0.007 0.000
Ba 0.001 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.008 0.000
S 0.000 0.000 0.000 0.000 0.000 0.001 0.004 0.000 0.000 0.000
Pb 0.000 0.002 0.000 0.001 0.000 0.001 0.000 0.001 0.003 0.001
Cu 0.000 0.000 0.000 0.000 0.000 0.018 0.022 0.000 0.002 0.023
Mn 0.004 0.009 0.000 0.005 0.001 0.002 0.001 0.001 0.005 0.000
Zn 0.026 0.038 0.015 0.031 0.015 0.018 0.011 0.006 0.015 0.006
Al 0.281 0.101 0.401 0.245 0.464 0.266 0.267 0.446 0.344 0.153
Fe** 1750 1.874 1583 1.798 1597 1.645 1.542 1498 1.567 1.815
Ti* 0.010 0.002 0.024 0.009 0.016 0.012 0.005 0.008 0.010 0.021
total M3 sites 2.080 2.048 2.030 2.098 2.099 1976 1.896 1.963 1.961 2.019
Si# 0.001 0.002 0.000 0.000 0.000 0.001 0.000 0.001 0.001 0.002
As™ 0.038 0.060 0.013 0.033 0.010 0.026 0.098 0.003 0.011 0.026
P 1959 1.935 1.987 1966 1.989 1.970 1.895 1991 1.980 1.971
S 0.001 0.004 0.000 0.001 0.002 0.003 0.007 0.004 0.008 0.000
total anion sites 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
H 4.827 4553 4.653 4.933 4.961 4.818 4.474 4.849 4.780 4.989
OH 0.832 0559 0.655 0.931 0.961 0.809 0.474 0.844 0.777 0.983
H,0 1.998 1.997 1.999 2.001 2.000 2.004 2.000 2.003 2.001 2.003

1-4 — representative spot analyses of K-deficient leucophosphite (b); 5-8 — representative spot analy-
ses of leucophosphite (a). H,O* calculated from the theoretical content of H,O = 2.00 and charge
balance; empirical formulas were calculated on the basis of (P+As+S+Si) = 2.

osphite: 0.27 pfu — Lottermoser — Lu (1997); tinsleyite:
0.11 pfu — Dunn et al. (1984) and 0.06—0.14 pfu — Marin-
cea et al. (2002)].

Because contents of other elements do not correlate

with the magnitude of deficit (vacancy) in the M'" site,
it is possible to discuss occupancy of other structure sites
for both varieties of leucophosphite. The M3* site is al-
ways dominated by Fe3* (1.49-1.98 apfir) over Al (0.05—
0.46 apfu); the Al content corresponding to tinsleyite
component varies in the range ¢. 3-23 mol. % (Fig. 69).
The contents of Ca, Ba, Sr, Pb, Mn and Zn are irregular
and relatively small (max. 0.04 apfu). The total for this
position is 1.90 to 2.13 apfu. The tetrahedral sites of the
anion group (Fig. 70) contain predominating P (1.85-1.99
apfu), with As contents 0—0.14 apfu and minor S and Si
(max. 0.01 apfu).
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Fig. 69 Ternary plot of occupation of the M*" sites (atomic ratio) in leu-
cophosphite, Huber open pit, Krasno.
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Fig. 70 Part of ternary plot of occupation of the anion sites (in molar
unit) in leucophosphite. Huber open pit, Krasno.

The empirical formula for the predominating type (a)
of leucophosphite (average of 23 spot analyses) on the
basis of (P+As+S+8i) = 2 is (K Na ), ,(Fe, Al
Cu Zn Ti0.01)21.97[(PO4) (ASO4)0.03]22.00 H 0.81 °

0.02 0.02 1.97

2.00H,0, for the rare K-deficient leukophosphite (b)

20.92( 0.27

(average of 11 spot analyses) the formula is K (Fe,
A10.282n0.03ca0.01TlO.Ol)ZZ.OS[(PO4)1.96(ASO4)0.04]22.00 (OH)0.83
.2.00H,0.

Morinite NaCa,AL(PO,),F,(OH) . 2H,0

Morinite has been found in several samples of phosphate
accumulations collected at the 5% level of the Huber shaft.
It forms whitish and light pink irregular granular aggre-
gates up to 5 mm across, with a weak pearly to vitreous
lustre (Fig. 71). Closely associated minerals include fron-
delite, UNK9, beraunite, fluorapatite, bluish phosphosid-
erite (Fig. 72) and rare purple red strengite. Morinite be-
longs to the youngest minerals in this association.
Morinite was identified by X-ray powder diffraction
data as a phase predominating in a mixture with small
quantities of strengite and fluorapatite. The refined unit-
cell parameters of morinite (Table 24) closely corre-
spond to data published for this mineral. The general
chemical formula of morinite can be presented as
A'B* C*(TO,),F,(OH) . 2H,0, where A = Na, B = Ca,
C=Aland T = P (Hawthorne 1979). The chemical com-
position of morinite from Krasno (Table 25) corresponds
to the above formula; minor differences are noted in the
content of F and partly in presence of Fe and Mn. In the
A-site, Na strongly predominates above K content. The

Fig. 71 Light pink morinite aggregates intergrown with dark frondelite.
5™ level of the Huber shaft, Krasno. Width of photo 5 mm. Nicon
SMZ1500 microphotography by J.&E. Sejkora.

Fig. 72 Morinite (dark) intergrown with fluorapatite (light fibrous and
compact) and phosphosiderite (medium grey). 5" level of the Huber
shaft, Krasno. Width of photo 400 pm. Cameca SX100, BSE photo-
graph by J. Sejkora and R. Skoda.

Table 24 Unit-cell parameters of morinite (for
monoclinic space group P2,/m)

this paper Hawthorne (1979)
a[A] 9.465(4) 9.454(3)
b[A] 10.691(5) 10.692(4)
c[A] 5.459(2) 5.444(2)
B[] 105.58(3) 105.46(2)
V [A9 532.1(4) 530.4

observed deficit in this site (0.02-0.20 pfu) may corre-
spond to vacancy. In the B-site (Fig. 73), dominating Ca
is accompanied by Fe (up to 0.16) and Mg (to 0.16 apfu),
which positively correlate with F content (Fig. 74). A
presence of Fe in the C-site, seemingly indicated by lower
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totals in this position (1.83-2.01 apfu), is not probable
with regard to the absence of Fe/Al correlation. Phospho-
rus predominates in the tetrahedral sites, minor and ir-
regular contents of Si, S and As attain only 0.01-0.02
apfu. Fluorine contents (Fig. 75) correspond to entry of
this element (up to 0.44 apfu) in the (OH)-site. The pub-
lished chemical analyses of morinite from various local-
ities (Palache et al. 1951; Ficher — Runner 1958; Fischer
1960) do not show such high F contents. The empirical
formulas for representative spot analyses of morinte
from Krasno, based on (P+As+S+Si) = 2, are given in

Table 25.

Table 25 Chemical composition of morinite (in wt. %)

1 2 3 4 5 6 7

Na,0 540 601 502 575 6.27 628 512
K,0 002 001 001 008 001 002 0.01
Cao 21.82 21.70 21.83 22.84 2284 2329 23.02
SrO 000 011 002 000 000 0.00 0.00
BaO 0.17 006 000 000 0.02 0.00 o0.07
MgO 13 080 027 015 009 015 021
MnO 078 065 034 026 010 018 0.20
FeO 099 132 235 057 035 032 032
ZnO na 012 016 003 006 000 0.19
PbO 002 008 002 001 000 0.00 0.08
ALO, 19.14 20.30 20.26 20.22 20.60 20.40 21.27
TiO, 000 003 009 005 001 003 0.01
SO, 000 000 000 026 003 004 0.04
PO, 2897 2910 28.85 2881 29.28 29.50 29.41
As,O, 001 021 000 000 0.00 0.0 0.00

X 014 021 001 016 001 024 0.06
Cl 001 001 000 002 000 0.01 0.00
F 17.30 16.42 15.87 1529 14.89 1497 1517
O=F, Cl -7.28 -692 -6.68 -644 -627 -630 -6.39
*H,0 (OH) 091 152 162 193 219 225 213
*H,0 729 744 731 734 740 747 746
total 97.02 99.17 9731 9731 97.88 98.93 98.37
Na 0.850 0.935 0.796 0.900 0.980 0.966 0.795
K* 0.002 0.001 0.001 0.008 0.001 0.002 0.001
subtotal 0.852 0.937 0.797 0.908 0.981 0.969 0.796
Ce?* 1898 1867 1914 1976 1.972 1.982 1974
Sr2 0.000 0.005 0.001 0.000 0.000 0.000 0.000
Ba* 0.005 0.002 0.000 0.000 0.001 0.000 0.002
Mg? 0.164 0.096 0.033 0.018 0.011 0.018 0.025
Mn2+ 0.053 0.044 0.024 0.018 0.007 0.012 0.013
Fe* 0.067 0.089 0.161 0.038 0.024 0.021 0.021
zn? 0.000 0.007 0.010 0.002 0.003 0.000 0.011
Pb? 0.001 0.002 0.000 0.000 0.000 0.000 0.002
Al 1832 1922 1954 1924 1.957 1.910 2.006
Ti* 0.000 0.002 0.005 0.003 0.000 0.002 0.000
subtotal 4.019 4035 4102 3979 3975 3.945 4.056
Si# 0.000 0.000 0.000 0.021 0.002 0.003 0.003
P 1991 1979 1999 1969 1.998 1.983 1.993
As™ 0.001 0.009 0.000 0.000 0.000 0.000 0.000
S 0.008 0.012 0.001 0.009 0.000 0.014 0.004
subtotal 2.000 2.000 2.000 2.000 2.000 2.000 2.000
F 4441 4171 4107 3905 3.796 3.759 3.840
Cl- 0.001 0.001 0.000 0.003 0.000 0.001 0.000
*OH- 0.287 0.771 0.859 0.875 1.091 1.023 1.075
subtotal 4730 4944 4966 4.784 4.887 4.783 4.915
*H,0 2 2 2 2 2 2 2

17 —spot analyses of morinite from Krasno; H,0* and (OH)* calculated
from the theoretical content of H,O = 2.00 and charge balance; empirical
formulas were calculated on the basis of (P+As+S+S) = 2.
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Fig. 73 Ternary plot of the B’*-sites occupancy (atomic ratio) in morin-
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Natrodufrénite NaFe*'Fe* (PO,),(OH), . 2H,0
Mn-rich dufrénite (0,Na,Ca)Mn*Fe** (PO ),(OH), .
2H,0

Dufrénite-related minerals of microscopic size have been
found only in several specimens of strongly altered phos-
phate accumulation collected at the 5™ level of the Hu-
ber shaft. Relatively more abundant natrodufrénite forms
irregular aggregates, up to 100 um long, intergrown typ-
ically with frondelite and UNK9, in close association with
fluorapatite, Mn-rich dufrénite, fluorite and K-Mn oxides.
The rare Mn-rich dufrénite forms fibrous to radiating
aggregates (Fig. 76), up to 200 um across, in close as-
sociation with fluorite, natrodufrénite, UNK9, phospho-
siderite and beraunite.

& I

: i'! LT o ~
El.d‘i

Fig. 76 Compact aggregate composed of natrodufrénite (darker) and
UNKY (lighter parts); the rich acicular aggregates are Mn-rich dufrénite,
grey spheroidal aggregates are fluorite. 5 level of the Huber shaft,
Krasno. Width of photo 400 pm. Cameca SX100, BSE photograph by
J. Sejkora and R. Skoda.

Because of the small size of natrodufrénite and Mn-
rich dufrénite aggregates the minerals were confirmed
only by electron microprobe (Table 26). The relatively
low totals of Mn-rich dufrénite analyses are probably due
to the very finely fibrous character of the analyzed sam-
ples. The general formula of dufrénite-related minerals
can be presented as ABC(PO,),(OH), . 2H,0, with Na,
K, Ca and vacancies in the 4-site; B-site is occupied by
M?*" elements such as Fe, Mn, Mg, Mn and Zn and
C-site is filled dominantly by Fe3* or AI** (Fontan et al.
1982; Selway et al. 1997; Anthony et al. 2000). At
present, natrodufrénite (A=Na, B=Fe*", C=Fe*"), dufrénite
(A=vacancy and Ca, B=Fe*, C=Fe*") and burangaite
(A=Na, B=Fe*", C=Al*") are the valid mineral species in
this group.

In the studied natrodufrénite from Krasno, Na (0.65—
0.98 apfu) predominates over Ca (0.12-0.23 apfu) in the
A-site. This composition corresponds to the data pub-
lished for natrodufrénite and burangaite (Fig. 77). In the
studied Mn-rich dufrénite, Ca (0.07-0.10 apfu) and Na
contents (0.04—0.32 apfu) are low and the site is domi-

nantly vacant (0.57-0.88 pfu). The B-site in samples from
Krésno is characterized by unusually high Mn content
(Fig. 78), 0.27-0.41 apfu in natrodufrénite (accompanied
by 0.36-0.56 apfu Fe and 0.17-0.23 apfu Mg), and 0.78—
0.95 apfu Mn in Mn-rich dufrénite (with up to 0.17 apfu
Fe and up to 0.07 apfu Zn). Formally, the studied mate-
rial could be considered as new mineral species — Mn an-
alogue of dufrénite and natrodufrénite. However, on the
basis of obtained analyses and published data it is not
possible to exclude the possibility that Mn enters the
C-site of crystal structure. In the C-site of both phases
from Krasno (Fig. 79) Fe** (4.43-5.28 apfu) strongly pre-

Na+K

g © 1 2 331 40 ®H e T M W W O

@ natrodulrénge, Krésno (this papser)

¥ natodufrénde (Fonlan et al. 1982 Roda-Robles of al. 1958)
O burangaite (Knoming of al. 1577, Sebtway of & 1957)

&  Mrerich dufrénite, Krasno (this paper)

A dufrénite (Anthomy ef & 2000)

Fig. 77 Ternary plot of A-site occupancy (atomic ratio) in dufrénite-
related minerals. O — vacancy in A-site.
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burangade (Knorming of af. 1977, Sebway of & 1597)
Mir-rich dufrénile, Krasno (this paper)

dutrdnile (Arihcery o af 2000}
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Fig. 78 Ternary plot of occupation of B-site (in molar unit) in dufrénite-
related minerals.
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Table 26 Chemica composition of natrodufrénite and Mn-rich dufrénite (in wt. %)

natrodufrénite Mn-rich dufrénite
1 2 3 4 5 6 7 8
Na,0 298 233 308 352 0.78 066 0.16 0.76
K,0 0.01 0.00 0.00 0.00 0.05 005 0.02 0.07
CaO 103 152 103 077 049 041 044 055
FeO* 336 462 306 295 079 133 118 0.13
BaO 0.00 0.00 0.00 0.00 0.06 013 0.17 0.04
MgO 098 078 109 1.02 0.03 001 0.01 0.06
CuO 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.06
MnO 305 220 316 336 6.57 6.19 6.26 6.97
ZnO 0.12 000 013 0.16 037 039 067 047
ALO, 119 010 129 178 045 016 125 044
Fe,0,* 43.18 44.44 4357 4261 43.70 4452 46.00 44.21
SO, 0.00 0.00 0.00 0.00 0.09 003 0.03 0.05
TiO, 0.09 000 010 0.03 0.15 017 0.05 0.19
As,O, 0.03 0.00 0.09 0.06 0.10 014 016 0.17
PO, 32.81 3257 3276 32.80 30.67 31.19 3197 30.25
SO, 0.00 0.00 0.00 0.00 0.06 0.18 0.05 0.10
H,O* 10.23 10.05 10.46 10.40 9.63 959 1035 9.92
total 99.06 98.60 99.81 99.46 94.06 95.13 98.76 94.44
Na* 0.832 0.654 0.859 0.981 0.230 0.191 0.044 0.229
K* 0.001 0.001 0.000 0.000 0.009 0.010 0.004 0.014
Ca* 0.160 0.236 0.160 0.119 0.081 0.066 0.069 0.092
O 0.007 0.109 0.000 0.000 0.680 0.733 0.883 0.665
A-site 1.000 1.000 1.019 1.099 1.000 1.000 1.000 1.000
Fe* 0.404 0.560 0.368 0.355 0.100 0.167 0.146 0.017
Ba?* 0.000 0.000 0.000 0.000 0.004 0.007 0.010 0.002
Mg? 0.211 0.169 0.234 0.218 0.006 0.003 0.003 0.015
Cu? 0.000 0.000 0.000 0.000 0.010 0.000 0.000 0.007
Mn?* 0.372 0.271 0.385 0.410 0.852 0.787 0.779 0.914
Zn? 0.013 0.000 0.014 0.017 0.042 0.043 0.073 0.054
B-site 1.000 1.000 1.000 1.000 1.014 1.007 1.010 1.009
Al 0.203 0.017 0.219 0.301 0.081 0.028 0.216 0.081
Fe* 4676 4.851 4.721 4.613 5.030 5.031 5.088 5.154
Ti# 0.010 0.000 0.011 0.004 0.017 0.019 0.005 0.022
C-site 4889 4.868 4.950 4.918 5.128 5.077 5.310 5.257
Si4 0.000 0.000 0.000 0.000 0.013 0.005 0.004 0.008
As™ 0.002 0.000 0.007 0.005 0.008 0.011 0.012 0.013
P 3.998 4.000 3.993 3.995 3.971 3.965 3.978 3.967
S 0.000 0.000 0.000 0.000 0.007 0.020 0.005 0.012
T-site 4.000 4.000 4.000 4.000 3.987 3.995 3.996 3.992
H' 9.822 9.725 10.045 9.981 9.826 9.605 10.148 10.252
OH* 5.828 5.731 6.039 5.975 5.822 5.612 6.141 6.243
H,O* 1997 1.997 2.003 2.003 2.002 1.996 2.004 2.004

natrodufrénite, Krasno: 1 — mean of 5 spot analyses, 2—4 — representative spot analyses,
Mn-rich dufrénite, Krasno: 5—mean of 9 spot analyses, 6-8 — representative spot analyses.
FeO* aFe,O.* calculated from the proposed general formula; H,O0* and (OH)* calcu-
lated from the theoretical content of H,O = 2.00 and charge balance; empirical formulas
were calculated on the basis of (P+As+S+Si) = 4.

4 ®

apifu Al

[

o 1 2 3 & 5

apfu Fe™ :
minerals.

dominates over Al content with the maximum
value of 0.30 apfu. Phosphorus is the major el-
ement in tetrahedral sites of both phases, As,
S and Si contents reach 0.01-0.02 apfu. The
empirical formula of natrodufrénite from Kras-
no calculated on the basis of (P+As+S+Si) =4
is presented as (Na, ,.Ca O ). .
(FeO.4OMnO.37MgO.2 1 ZnO.O] )20.99(F34.68A10.20Ti0.0] )24.89
(PO,), ,(OH),, . 2H,0. For Mn-rich dufrénite
the empirical formula calculated on the same
baSis is (DO.68NaO.23caO.08)2].OO(MnO.RSFeO.lOznO.(M
Cuo.m )21 .OO(F e5.03A10.08Ti0.02)25. 13 [(® 04)3.97(Aso4)0.01
(S0,),,,(8i0,) (OH),, . 2.00H,0.

0.01 0.01 ]24.00 5.82

Phosphosiderite Fe*'PO,.2H,0

Phosphosiderite is a relatively common min-
eral in phosphate accumulations from the 5%
level of the Huber shaft. It forms irregular ag-
gregates, up to 2 mm across, and veinlets to
5 mm thick (Fig. 80). Phosphosiderite has
characteristic bluish grey colour and a weak
lustre. It is intergrown with frondelite
(Fig. 81), rockbridgeite, UNKY, beraunite,
morinite, fluorapatite, and Mn-rich dufrenite.
Beran (1999) reported from the same locality
phosphosiderite as brown to black compact ag-
gregates up to 10 cm long. The latter type of
material was not available in the present study.

Phosphosiderite was identified by X-ray
powder diffraction; refined unit-cell parameters
(Table 27) are in good agreement with data
published for this species. The chemical com-
position of phosphosiderite (Table 28) is close
to the ideal formula — Fe (0.91-0.98 apfu),
with limited substitution by Al (up to 0.04) and
Mn (up to 0.02 apfu). Phosphorus dominates
in the anion group, S and As are very low
(0.004 apfu). The empirical formula of phos-
phosiderite can be presented on the basis of
(P+As+S) =1 as (Fe,,,Mn Al (PO,
.2H.0.

0.02)20.98 1.00

natrodufrénite, Krasno (ihis paper
natrodufrénite (Fontan ef &l 1582, Roda-Robles of ail 1968)
burangaite [Knommng & &l 1977, Sehway af al. 1997)

&, Krasno (this paper)
hony &f o 2000)

Fig. 79 A plot of apfu Fe** vs. apfu Al in C-site for dufrénite-related
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Fig. 80 Bluish grey phosphosiderite aggregates intergrown with dark
aggregates of frondelite. 5™ level of the Huber shaft, Krasno. Width
of photo 3.5 mm. Nicon SMZ1500 microphotography by J. & E. Sej-
kora.

Fig. 81 Frondelite aggregates (light) replaced by beraunite (grey) and
phosphosiderite (dark); 5™ level of the Huber shaft, Krasno. Width of
photo 1 mm. Cameca SX100, BSE photograph by J. Sejkora and
R. Skoda.

Table 27 Unit-cell parameters of phosphosiderite (for monoclinic space
group P2,/n)

this paper Fanfani — Zanazzi (1966) Borensztajn (1966)
a[A] 5.317(8) 5.330(3) 5.32(5)
b[A] 9.84(9) 9.809(4) 9.75(5)
c[A] 8.673(4) 8.714(5) 8.65(5)
B[] 90.1 90.6(1) 90.6
V[AY | 4538 455.6 4487

Table 28 Chemica composition of phosphosiderite (in wt. %)

1 2 3 4 5 6

Cao 009 017 011 003 0.08 0.05
BaO 004 000 018 0.01 0.07 0.00
MgO 002 002 000 003 0.03 0.04
PbO 006 019 000 000 0.00 0.00
MnO 052 015 047 058 056 0.80
ZnO 005 009 011 000 0.02 0.05
AlLO, 042 053 016 055 046 061
Fe,0, 39.97 39.99 40.34 41.07 40.70 40.60
As,O; 006 000 011 006 0.05 0.08
PO, 3751 3850 37.55 3812 37.84 37.55

X 004 006 006 002 0.00 0.00
TiO, 0.07 000 000 003 016 0.00
H,O0* 19.08 1957 19.12 19.38 19.23 19.09
total 97.94 99.26 98.20 99.87 99.20 98.86
Ca* 0.003 0.005 0.004 0.001 0.003 0.002
Ba* 0.001 0.000 0.002 0.000 0.001 0.000
Mg? 0.001 0.001 0.000 0.001 0.001 0.002
Pb? 0.000 0.002 0.000 0.000 0.000 0.000
Mn2+ 0.014 0.004 0.012 0.015 0.015 0.021
Zn? 0.001 0.002 0.003 0.000 0.000 0.001
Al 0.016 0.019 0.006 0.020 0.017 0.023
Fe** 0.945 0.922 0.952 0.957 0.955 0.960
Ti* 0.002 0.000 0.000 0.001 0.004 0.000
subtotal 0.983 0.955 0979 0.995 0.996 1.008
As™ 0.001 0.000 0.002 0.001 0.001 0.001
P 0.998 0.999 0.997 0.999 0.999 0.999
S 0.001 0.001 0.001 0.000 0.000 0.000
subtotal 1.000 1.000 1.000 1.000 1.000 1.000
H,O 4.000 4.000 3.999 4.001 4.001 4.000

1 —mean of 18 spot analyses; 2-6 — representative spot analyses.
H,O* calculated on the basis of theoretical content H,0 = 2.00,
empirical formulas were calculated on the basis of (P+As+S) = 1.

Rockbridgeite
see minerals of the frondelite — rockbridgeite series
Strengite Fe’’PO, . 2H,0

Very rare strengite occurs in cavities of phosphate accu-
mulations at the 5" level of the Huber shaft on minute
crystals of rockbridgeite — frondelite or fluorapatite as
perfect elongated crystals up to 4 mm long (Fig. 82), with
a striking purple red colour and an intense vitreous lus-
tre. Strengite of the same colour in 1 mm long grains in-
tergrown with morinite aggregates and fluorapatite was
very rare. It has been identified by X-ray powder diffrac-
tion; its refined unit-cell parameters correspond closely
the published data (Table 29). A semiquantitative study
of chemical composition of strengite confirmed major
contents of Fe and P, contents of other elements (Al, Mn,
As, etc.) were below detection limit of the used method
(c. 0.2-0.5 wt. %).
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Minerals of the triplite — zwieselite series
Mn* (PO ,)(F,OH) — Fe** (PO )(F,OH)

Minerals of the triplite group were reported from the
Kréasno ore district in numerous publications from 19%
century (see Beran 1999). Later on, Fisher (1957) stud-
ied the mineral in samples collected at the dumps near
the Schndd stock. The paper contains X-ray powder dif-
fraction data and results of approximate, semiquantitative
analysis. Fisher (1957) recognized two forms of triplite
— dark and light triplite. Based on analogy with Hagen-
dorf pegmatite (older dark triplite in feldspar, younger
light triplite in quartz) he considered the possibility that
the two forms of triplite may represent two independent
generations. Beran (1999) described from samples of
phosphate accumulations collected at the 5" level of the
Huber shaft occurrence of zwieselite and triploidite in
addition to predominating triplite. However, these de-
scriptions are not confirmed by the present study.

We have studied a large number of samples of miner-
als from the triplite group, collected in the Huber open
pit, in phosphate accumulation at the 5" level of the Hu-
ber shaft and for comparison several historical specimens
collected before 1830, probably in the Gellnauer vein
system. Triplite from the Huber stock forms irregular
aggregates, up to 10 cm across, which are usually partly
replaced by younger fluorapatite and isokite (open pit and

Fig. 82 Purple-red strengite crystal on aggregates of light-coloured flu-
orapatite. 5" level of the Huber shaft, Krasno. Width of photo 3.1 mm.
Nicon SMZ1500 microphotography by J. & E. Sejkora.

Fig. 83 Triplite aggregates with white quartz, 5" level of the Huber
shaft, Krasno. Width of photo 9 mm. Microphotography Nicon
SMZ1500 by J. & E. Sejkora.

Table 29 Unit-cell parameters of strengite (for
orthorhombic space group Pbca)

this paper Taxer — Bartl (2004)
a[A] 8.750(6) 8.722(3)
b[A] 9.821(7) 9.878(2)
c[A] 10.126(7) 10.119(1)
VvV [Ag 870.2(6) 871.79

Fig. 84 Aggregates of Mn-rich zwieselite; Gellnauer vein system, Kras-
no. Width of photo 9 cm. Macrophotography Canon DS1 by J. & E.
Sejkora.
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5% level) or fluorapatite and minerals of the series rock-
bridgeite — frondelite (only 5" level of the Huber shaft).
Triplite aggregates are light or dark brown (Fig. 83), they
have a characteristic vitreous to greasy lustre and are part-
ly transparent with red colour in small splinters. The dif-
ferences in colour of triplite do not indicate existence of
two generations, but rather the extent of alteration or
weathering of individual samples. Dark triplite is co-
loured by oxides and hydroxides of Fe and Mn. All trip-
lite occurrences are associated with compact or coarse-
grained quartz in greisens. Samples from the Gellnauer
vein system contain Mn-rich zwieselite in dark brown
aggregates larger than 10 cm (Fig. 84). The aggregates
are strongly replaced by compact fluorapatite from mar-
gin (Fig. 85) and this fluorapatite is succesively strong-
ly replaced by fine-grained isokite. Triplite (or zwieselite)
in all samples studied is compositionaly quite homoge-
neous, except rare and weak zoning in Fe/Mn ratio. Dur-

Fig. 85 Zwieselite aggregates (light) intensively replaced by fluorapa-
tite (grey), fluorapatite is in turn replaced by isokite aggregates (dark).
Gellnauer vein system, Krasno. Width of photo 1.2 mm. Cameca
SX100, BSE photograph by J. Sejkora and R. Skoda.

ing late alteration, resulting in corrosion cavities in phos-
phate accumulations, triplite appeared to be one of the
most stable minerals. Various samples show fresh trip-
lite aggregates and minute, lustrous triplite grains pro-
truding into the cavities.

X-ray powder diffraction data for triplite from Krasno
correspond to the published data for minerals of the trip-
lite — zwieselite series. Owing to chemical composition
falling in between triplite and zwieselite (see below), it is
not possible to recognize these minerals by X-ray patterns.
Refined unit-cell parameters (Table 30) correspond to min-
erals of this group. With regard to extensive substitutions
in M- and Z-sites and polytypism (Chopin et al. 2004), it
is not possible to separate intermediate members of this
group on the basis of unit-cell parameters.

The chemical composition of minerals of the trip-
lite group can be expressed by the general formula
M (TO,)(Z). Mn**, Fe**, Mg and Ca enter the octahdral
M-sites, tetrahedra 70, are occupied by P, As, V and Si
and Z-site is dominated by F or OH (Waldrop 1969). Trip-
lite (Mn_PO,F) is isostructural with zwieselite (Fe,PO F)
and wagnerite (Mg PO,F) and it is structurally related to
triploidite (Mn,PO,OH) and wolfeite (Fe,PO,OH). The
triplite group shows a wide (probably unlimited) isomor-
phism among all above given end-members.

The chemical composition of the studied minerals of
the triplite group (Table 31) is relatively uniform within
individual localities, but there is considerable variation
in Mn, Fe a Mg contents among the localities (Fig. 86).
Samples from the Gellnauer vein system correspond to
Mn-rich and Mg-poor zwieselite. Samples from the Hu-
ber stock contain uniform Mn and Fe abundances and
correspond to Fe-rich triplite (Fig. 87), but they show
variation in Mg content. Triplite samples from the 5" lev-
el of the Huber shaft are Mg-poor (max. 0.01 apfu), but
triplites from the Huber stock contain 0.28 to 0.31 apfu
Mg. All the studied samples contain nearly constant quan-
tity of Ca in M-site, 0.04 to 0.08 apfu. The tetrahedral
T-site is occupied almost exclusively by P, contents of
As, S and Si are low and irregular, always less than 0.004

Table 30 Unit-cdl parameters for minerals of triplite group (for monoclinic space group C2/c)

triplite*1 triplite*2 zwieselite*3 triplite*4 zwieselite*5 wagnerite* 6
this paper this paper this paper Waldrop (1968) Yakubovich et al. (1978) Tadini (1981)
a[A] 13.276(4) 13.219(8) 13.233(8) 13.185(1) 13.641(3) 12.942(5)
b[A] 6.487(1) 6.461(2) 6.492(2) 6.454(1) 6.489(1) 6.432(4)
c[A] 10.020(3) 9.987(2) 9.995(6) 9.937(1) 9.890(3) 9.799(2)
B 119.51(1) 119.33(2) 119.38(3) 119.00(6) 118.40(2) 117.90(2)
V [A9 750.9(5) 743.6(9) 748.2(9) 739.6 7335 720.9

*1 Fe-rich triplite, 5" level of the Huber shaft, Krésno — (Mn, Fe . .Ca, .M, ), o.(PO)(F,c,(OH)o 21,0 0
*2 Fe- and Mg-rich triplite, Huber open pit, Krasno — (Mn, ,.Fe, . Mg ,cCa, 10, 43 (PO ) (Fy6,(OH) 1 2)50 00
*3 Mn-rich zwieselite, Gellnauer vein system, Krésno — (Fe, (M ;,Ca, ). (PO )(F; 6c(OH) 1 2)5008

*4 Mg-rich triplite (Mn ;Mg _ Fe, .,Ca, )5, o (POF
*5 zwieselite, synthetic Fe end-member

*6 wagnerite (= formerly magniotriplite) (Mg, ,,Fe, ,,Mn (PO)F

0.23))32.00
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Table 31 Chemica composition of triplite group minerals from Krésno (in wt. %) Mn
1 2 3 4 5 6 7 8 9
Na,0 0.06 000 001 000 001 005 001 0.00 0.00 .'x -
K,0 0.04 000 000 000 026 019 001 0.00 0.02
CaO 180 187 175 189 102 170 168 146 165 "
SrO 0.00 000 002 004 0.00 002 0.00 003 o001 Inptss ~
BaO 0.00 000 006 008 000 029 000 015 0.00 0 ; N
MgO 0.09 006 003 019 556 546 000 0.03 0.02 ‘
MnO 3251 33.69 3334 3227 29.34 29.14 2744 2754 2521 - % A X
FeO 27.96 27.53 2740 27.96 2485 24.04 3321 33.43 35.69 L , ; ‘?" it
CuO 0.00 000 002 000 000 000 000 0.07 0.00 LY
ZnO 023 010 000 042 029 018 024 014 015 h e
PbO 007 002 017 008 0.01 014 0.00 000 0.23 " AN em—— ———
ALO, 0.00 002 000 004 000 001 000 0.02 0.02 o/
TiO, 009 005 006 007 011 018 0.03 006 041 /'
SO, 0.07 003 000 003 004 000 002 0.00 0.05 .
PO, 3209 31.27 31.84 3140 3291 3383 31.88 3174 31.02 o : : Tt
As,O, 0.00 004 000 0211 0.09 000 0.00 009 o0.00 B  tripite, 5™ lewal of the Huber shaft (this paper)
SO, 003 001 009 000 002 002 000 003 000 5 e It spenl, Wowicjiopaeer). ...,
Cl 0.00 000 001 000 002 000 001 0.00 001
F 637 628 644 540 676 6.77 580 575 531 Fig. 86 Ternary plot of M-site occupancy (atomic ratio)
O=F -2.68 -264 -271 -227 -285 -285 -244 -242 -223 in triplite group minerals from Krasno.
O=Cl 0.00 000 000 000 000 000 000 0.00 0.00
H,O0* 148 239 158 298 176 113 204 227 347
total 100.19 100.71 100.11 100.70 100.18 100.27 99.92 100.38 101.04
Na* 0.004 0.000 0.001 0.000 0.001 0.003 0.001 0.000 0.000
K* 0.002 0.000 0.000 0.000 0.012 0.008 0.000 0.000 0.001 w
Ca* 0.071 0.076 0.069 0.076 0.039 0.064 0.067 0.058 0.067 ] o
Sr2+ 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.001 0.000 B = z
Ba?* 0.000 0.000 0.001 0.001 0.000 0.004 0.000 0.002 0.000 g
Mg? 0.005 0.004 0.001 0.010 0.296 0.284 0.000 0.002 0.001 t
Mn2 1.011 1.075 1.045 1.025 0.889 0.861 0.861 0.866 0.812 L
Fe* 0.858 0.868 0.848 0.877 0.743 0.702 1.028 1.038 1.135 wollele
Cu? 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.002 0.000 2
Zn? 0.006 0.003 0.000 0.012 0.008 0.005 0.007 0.004 0.004
Po?* 0.001 0.000 0.002 0.001 0.000 0.001 0.000 0.000 0.002 a4 . " B
Al 0.000 0.001 0.000 0.002 0.000 0.000 0.000 0.001 0.001 Mry{ M+ Fa)
Ti# 0.003 0.001 0.002 0.002 0.003 0.005 0.001 0.002 0.012
M-site 1.960 2.027 1970 2.006 1.991 1.937 1.964 1974 2034 i
Si4 0.002 0.001 0.000 0.001 0.001 0.000 0.001 0.000 0.002 % Do
P+ 0.997 0.998 0.998 0.997 0.997 1.000 0.999 0.997 0.998
As* 0.000 0.001 0.000 0.002 0.002 0.000 0.00 0.002 0.000 Fig. 87 Diagram Mn/(Mn+Fe) vs. F/(F+CI+OH) (pfu) for
s 0.001 0.000 0.002 0.00 0.00 0.000 0.000 0.001 0.000 minerals of the triplite group from Krasno.
T-site 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
F 0.739 0.748 0.753 0.640 0.764 0.748 0.679 0.675 0.638
Cl- 0.000 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001 F
*OH- 0.178 0.309 0.192 0.376 0.209 0.125 0.247 0.278 0.452 1
Z-site 0.917 1057 0.946 1.016 0.975 0.873 0.928 0.953 1.091
Representative spot analyses: 1-4 — triplite, 5" level of the Huber shaft; 5-6 — Huber ; ‘.n,
open pit; 7-9 — zwieselite, Gellnauer vein system. ! ih
H,O* and (OH)* calculated on the basis of charge balance, empirical formulas were o v

calculated on the basis of (P+Ast+S+Si) = 1.

apfu. There is a limited variation in Z-site occupancy
among individual localities (Fig. 88). Fluorine is always
the dominant anion (0.53 to 0.77 apfu), irregular CI con-
tents do not exceed 0.002 apfu. The empirical formulas
calculated on the basis of (P+As+S+Si) = 1 for represen-
tative spot analyses of triplite group minerals from Kras-
no are given in Table 31.

Fig. 88 Ternary plot of Z-site occupancy in triplite group minerals from
Krasno.
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Turqouise
see chalcosiderite
Vivianite Fe*" (PO,), . 8 H,O

This mineral has been found in the Huber open pit as blue
grey spheroidal aggregates of lens-shaped crystals depos-
ited on crystals of hydrothermal quartz. The size of the
aggregates is up to 5 mm. In this case, no other second-
ary minerals accompany vivianite. The mineral was iden-
tified by X-ray powder diffraction.

Wavellite Al(PO,),(OH,F), .5 H,0

Presence of wavellite in the Krasno ore district is known
for a long time (see Beran 1999). Korbel (1991) gave a
spectral analysis and X-ray powder diffraction data. He
identified two forms of wavellite in material from the
Huber stock. The first type forms white radiating aggre-
gates with fibers, up to 5 mm long. The second type oc-
curs as grey white radiating spheroidal aggregates, up to
3 mm in diameter.

The present study confirmed the existence of both
morphological types of wavellite described by Korbel
(1991) in samples from the Huber open pit. Radiating
aggregates of wavellite, rarely up to 1 cm long, occur in
cavities together with beraunite, fluellite and siderite. In
addition, radiating aggregates of wavellite longer than
1 em (Fig. 89) with a weak colour zoning across the fi-
bres have been found. The occurrence of wavellite was
confirmed by X-ray powder diffraction.

Fig. 89 Radiating aggregate of wavellite. Huber open pit, Krasno.
Width of photo 16 mm. Nicon SMZ1500 microphotography by J. &
E. Sejkora.

Waylandite

see minerals of the crandallite group

Whitmoreite

see earlshannonite and whitmoreite (arthurite group)
Zwieselite

see minerals of the triplite — zwieselite series

Formation of mineral associations in phosphate
accumulations in the Huber stock

Mineral associations and chemical composition of min-
erals at two localities in Krasno, i.e., Huber open pit and
the 5™ level of the Huber shaft, show numerous similari-
ties, but there are also some differences. Consenquently,
their evolution is discussed separately. In addition to the
minerals described in this paper the discussion concerns
also probable new mineral species (Sejkora et al. 2006)
occurring in these associations.

Huber open pit

Phosphates exposed in the Huber open pit evolved in the
apical part of the stock, which was probably completely
greisenized and contains local bodies of coarse-grained
or compact quartz. The studied samples come from lev-
el c. 20 to 40 m below the contact of the upper part of
the stock with host rocks. This corresponds approximate-
ly to the position about 50-80 m below the original land
surface. Accurate vertical positions are difficult to deter-
mine, as the structure was affected by extensive collapse
caused by historical mining. The primary phosphates oc-
cur in masses of white compact quartz in greisens, where-
as younger re-mobilized phosphates originated in cavi-
ties of coarse-grained quartz gangue.

Abundant triplite and compact fluorapatite I (Fig. 90)
were identified as the primary phosphates. Replacement
of triplite by younger fluorapatite II, starting from mar-
gins of aggregates and along fractures, was initiated prob-
ably in early hydrothermal stage. During the following
stage, this newly formed fluorapatite II and partly primary
fluorapatite I were extensively replaced by aggregates of
isokite. Isokite formation is preferentially restricted on
in fluorapatite domains. At the rarely observed isokite/
triplite boundary triplite shows no replacement features.

The formation of abundant isokite aggregates requires
import of Mg, because solubility of Mg in highly evolved
peraluminous systems is low (Puziewicz — Johannes
1988, 1990). Magnesium was likely imported by aque-
ous fluids from rocks of the metamorphic envelope or
perhaps from altered micas in underlying granite. Open-
ing of the system as carly as the beginning stage of phos-
phate accumulation is indicated by the increased contents
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triplite fluorapatite | primary minerals
fluorapatite Il
metasomatic
minerals
isokite |
origin of cavities hydrothermal phoshates (in quartz gangue)
time beraunite, leucophosphite(K-poor), UNK3 minerals of turquoise group, fluorapatite IlI
fluorapatite IlI, leucophosphite, kolbeckite crandallite, goyazite, waylandite, UNK11
minerals of turqouise group, UNK10 fluellite, wavellite, vivianite
earslhannonite, whitmoreite, UNK6, UNK7, UNK8
fluorapatite IV, UNK1
v weathering
fluorapatite V, cacoxenite Fig. 90 Schematic presentation of the
Mn-hydroxides, Fe-hydroxides evolution of phosphate mineral associ-
ations in the Huber open pit, Krasno.

of Mg in primary triplite from the Huber open pit
(Mg/(Mg+Fe+Mn) about 0.16), whereas triplite formed
at a minimal depth of 200 m of the contact (5" level of
the Huber shaft) has Mg/(Mg+Fe+Mn) only about 0.004.
The high fluorine contents in fluorapatite, triplite and iso-
kite suggest F-rich environment. The following stage of
the evolution of phosphate accumulations is characterized
by selective dissolution of fine-grained or compact fluo-
rapatite associated with formation of incoherent isokite
aggregates and abundant corrosion cavities from several
mm up to 10 cm in size. In the process of fluorapatite
dissolution, isokite remains stable, or may be partly dis-
solved and removed; however, triplite was not affected
by these processes.

During the next stage crystallization of beraunite,
K-poor leucophosphite and UNK3, fluorapatite, leucoph-
osphite and kolbeckite in corrosion cavities took place.
Later on, minerals of the turqouise group (chalcosider-
ite, turquoise, UNK0) and arthurite group (earlshanno-
nite, whitmoreite, UNK6, UNK7, UNKS) crystallized.
Remarkable compositional zoning on microscale is char-
acteristic for this stage. The youngest minerals in cavi-
ties include fluorapatite in finely crystallized aggregates
and locally abundant phase UNK!. The crystallization of
these cavity minerals was accompanied by local introduc-
tion of As>', Sc¢3*, Zn*" a Cu?', i.e. elements, which are
probably derived from altered primary sulphides, ars-
enides (chalcopyrite, sphalerite, arsenopyrite, tetrahedrite,
tennantite) and wolframite, abundant in the apical part of
the stock (Beran — Sejkora 2006).

Specific mineral association includes re-mobilized
phosphates in cavities of coarse-grained quartz gangue,
which are not related in their distribution to phosphate
accumulations described above. Minerals of the turqou-
ise group (chalcosiderite — turquoise), fluorapatite, min-
erals of the crandallite group (dominant goyazite, cran-
dallite, waylandite and UNKI1), vivianite, fluellite and
wavellite are involved. Phosphates in cavities are accom-

panied by fluorite, topaz and minerals of kaolinite group.
The relative time of crystallization of this association is
somewhat uncertain. Based on indirect indications we
assume that it may be approximately coeval with crys-
tallization of younger phosphates in corrosional cavities
of phosphate accumulations.

The latest stage of phosphate formation in the Huber
open pit domain (filling of corrosion cavities and re-mo-
bilized phosphates in cavities of quartz gangue) was char-
acterized by exceptionally high fluorine activity as well.
This is indicated by crystallization of the youngest fluo-
rapatites and the abundant occurrence of a F-analogue of
perhamite — mineral UNK/ in cavities of phosphate ac-
cumulations, or the high F content in minerals of the cran-
dallite group and locally rich occurrence of fluellite in
quartz gangue cavities. Elevated contents of Sr, derived
probably from dissolution of older generations of fluo-
rapatite containing minor Sr, are interesting. Sr-dominat-
ed goyazite is the most common species among miner-
als of the crandallite group and Sr is also important as a
regular minor element in UNK]/.

5t Jevel of the Huber shaft

The mineral association of phosphates at the 5" level of
the Huber shaft evolved (Fig. 91) in the environment of
greisenized granite stock with local development of ex-
tensive horizons of compact quartz, ¢. 200 m below con-
tact with overlying gneisses and at about a similar depth
below the present land surface.

The primary phosphates occur as large aggregates of
triplite and compact fluorapatite. During the early hydro-
thermal stage triplite was extensively replaced by younger
fluorapatite. This fluorapatite (together with a part of pri-
mary fluorapatite) was extensively selectively replaced
by isokite, replacement of triplite by isokite was not ob-
served. Subsequent extensive replacement of both gen-
erations of fluorapatite, and less commonly triplite, by
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triplite

fluorapatite | primary minerals

frondelite |

rockbridgeite

fluorapatite 11
metasomatic minerals

isokite

time

benyacarite, fluorapatite 1V, dufrénite(Mn-rich), natrodufrénite

beraunite(Mn-rich), fluorapatite IlI, frondelite |, phosphosiderite, UNK9

hydrothermal

fluorapatite V, morinite, phosphosiderite, strengite

origin of cavities - hydrothermal minerals

turquoise group minerals, UNK4

Fig. 91 Schematic presentation of the
evolution of phosphate mineral asso-
ciations at the 5™ level of the Huber
shaft, Krasno.

weathering

minerals of the rockbridgeite — frondelite (I) series re-
sulted in formation of their large accumulations, up to
10 cm in size. Formation of abundant isokite aggregates
during this stage indicates significant import of Mg (prob-
ably from rocks of the metamorphic envelope — see above).
Fluorine contents in triplite, fluorapatite and isokite and
their abundance indicate F-rich environment. Formation of
minerals of the rockbridgeite — frondelite series points to
locally significant import of Fe, Mn and some Zn.

During a later hydrothermal stage (or several overlap-
ping stages) extensive alteration of Fe-Mn phosphates
proceeded, whereas older triplite, fluorapatite and isok-
ite were altered only exceptionally. The aggregates of Fe-
Mn phosphates (predominating frondelite I and rare rock-
bridgeite) were first replaced by frondelite I, UNKY,
Mn-rich beraunite and to a lesser extent by fluorapatite
and phosphosiderite. This stage was followed by forma-
tion of Mn-rich dufrénite, natrodufrénite, fluorapatite and
rare benyacarite crystals in small cavities. During the lat-
est stage aggregates of abundant phosphosiderite formed
in addition to fluorapatite, less common morinite and
strengite as one of the latest phases.

The hydrothermal phosphates contain remarkably in-
creased Mn, frondelite is more abundant than rock-
bridgeite, and UNK9, Mn-rich beraunite and dufrénite-
related minerals occur, all indicating environment with
a high Mn/Fe ratio. This high ratio is probably one of
the general geochemical characteristics of the Huber
stock. The increased Mn content in the studied apatites
is remarkable. The enrichment in Mn is even higher in
the nearby Schnéd stock as indicated by the occurrences
of carpholite, rodochrosite, hiibnerite etc.

During a following stage, dissolution of compact flu-
orapatite and its removal, accompanied by partial removal
of isokite, resulted in formation of corrosion cavities 5—
10 cm across, within the phosphate accumulations. How-
ever, the extent of this process and abundance of corro-

cacoxenite
Mn(K)-hydroxides; Fe-hydroxides, fluorite

sion cavities at the 5" level of the Huber shaft is signifi-
cantly lower, relative to the situation in the Huber open
pit. Minerals of the turquoise group (chalcosiderite and
turquoise), fluorapatite and local rich aggregates of UNK4
crystallized in the cavities.

The environment during all stages of evolution of the
phosphate accumulations was rich in fluorine. This is in-
dicated by several successive generations of fluorapatite,
the presence of F-rich morinite, UNK4 and by abundance
of small fluorite aggregates in the mineral associations.
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Mineralogie akumulaci fosfatii oblasti Huberova pné, rudni revir Krasno, Slavkovsky les, Ceska republika

Podrobny vyzkum byl zaméfen na mineraly fosfatovych akumulaci, zjisténych v povrchovém lomu na Huberové pni a na 5. patfe dolu Huber v Sn-W
rudnim reviru Krasno, Slavkovsky les (Ceska republika). Na studovanych lokalitich byly zjistény vyskyty benyacaritu, beraunitu, chalkosideritu,
crandallitu, dufrénitu, earlshannonitu, fosfosideritu, fluellitu, fluorapatitu, frondelitu, goyazitu, isokitu, kakoxenu, kolbeckitu, leukofosfitu, morinitu,
natrodufrénitu, rockbridgeitu, strengitu, triplitu, tyrkysu, vivianitu, wavellitu, waylanditu, whitmoreitu a zwieselitu. Pro jednotlivé zji§téné mineralni
druhy je podana makro- i mikroskopicka charakteristika, rentgenova praskova data a/nebo vyptesnéné parametry zakladni cely a vysledky kvantitativnich
chemickych analyz. Zjisténa data jsou podrobné diskutovana v porovnani s publikovanymi udaji pro jednotlivé mineralni druhy.

Soucasti ¢lanku je i piehled vyvoje mineralnich asociaci fosfatti na obou studovanych lokalitach.
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