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T a b l e  1  X-ray powder diffraction pattern of UNK1

Irel. d h k l Irel.* d* Irel d h k l Irel.* d*
97 20.186 0 0 1 15 1.992 2 1 5 6 1.996
23 10.100 0 0 2 13 10.12 56 1.934 3 0 3 35 1.942

100 6.736 0 0 3 35 6.71 18 1.916 1 0 10 4 1.916
47 6.051 1 0 0 50 6.08 30 1.875 3 0 4 35 1.881
67 5.800 1 0 1 71 5.80 55 1.835 0 0 11 6 1.834
20 5.190 1 0 2 13 5.21 15 1.806 3 0 5 6 1.811
37 5.047 0 0 4 4 5.04 64 1.748 2 2 0 50 1.757
15 4.043 0 0 5 15 1.681 2 0 10 9 1.684
15 3.872 1 0 4 6 3.889 49 1.655 3 0 7
60 3.496 1 1 0 50 3.510 11 1.603 2 1 9 9 1.604
27 3.361 0 0 6 9 3.369 7 1.5520 2 2 6 3 1.5551
57 3.103 1 1 3 50 3.115 17 1.5173 1 1 12 13 1.5165
41 2.994 2 0 1 35 3.005 7 1.5041 1 0 13 6 1.5003
56 2.942 1 0 6 35 2.947 1 1.4965 4 0 2 6 1.4831
50 2.900 2 0 2 12 1.4957 2 2 7
87 2.873 1 1 4 100 2.882 51 1.4710 2 0 12 18 1.4715
73 2.763 2 0 3 25 2.773 10 1.4374 2 2 8 3 1.4219
33 2.644 1 1 5 25 2.650 6 1.3985 3 1 8
36 2.605 1 0 7 13 2.606 30 1.3824 2 0 13 13 1.3837
59 2.524 0 0 8 18 2.524 12 1.3584 3 0 11
25 2.425 1 1 6 25 2.429 4 1.3450 3 1 9 4 1.3483
48 2.330 1 0 8 9 2.330 11 1.3223 2 2 10 6 1.3272

8 2.286 2 1 0 8 1.2933 3 0 12
51 2.250 2 0 6 25 2.252 7 1.2792 4 1 4
15 2.231 2 1 2 9 1.2316 3 0 13
21 2.168 2 1 3 18 2.175 11 1.2178 3 2 8
75 2.104 1 0 9 35 2.104 5 1.1888 0 0 17
20 2.048 1 1 8 6 2.052 9 1.1818 3 2 9
10 2.018 3 0 0 11 1.1661 1 0 17

Irel.* and d* – X-ray powder data of perhamite from Bell Pit, Newry, Maine, U.S.A (Dunn – Appleman 1977)
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T a b l e  2  Unit-cell parameters of UNK1 (for hexagonal space group
P6/mmm)

UNK1 Krásno perhamite Newry Hill
this paper Dunn – Appleman (1977)

a [Å] 6.9939(6) 7.022(1)
c [Å] 20.200(2) 20.182(5)
V [Å3] 855.7(1) 861.8
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T a b l e  3  Chemical composition of UNK1 (in wt. %)

4��� � � - E � � K G � �� �� �� �-
Na

2
O 0.06 0.04 0.06 0.09 0.04 0.09 0.04 0.08 0.11 0.04 0.01 0.00 0.07 0.08

K
2
O 0.16 0.14 0.15 0.26 0.13 0.16 0.13 0.22 0.24 0.09 0.13 0.22 0.08 0.13

CaO 10.18 8.45 8.78 9.05 9.22 11.59 11.36 11.19 11.00 9.58 9.63 11.20 9.68 11.68
BaO 0.07 0.22 0.00 0.00 0.08 0.07 0.00 0.24 0.00 0.00 0.04 0.20 0.04 0.10
SrO 3.07 6.11 4.85 4.07 5.26 0.53 0.73 1.41 2.09 4.62 3.23 1.83 4.32 0.85
PbO 0.04 0.13 0.00 0.23 0.10 0.04 0.00 0.03 0.04 0.00 0.00 0.00 0.00 0.00
MnO 0.04 0.11 0.06 0.05 0.05 0.06 0.06 0.07 0.04 0.03 0.02 0.05 0.00 0.00
ZnO 0.28 0.68 0.44 0.57 0.30 0.37 0.45 0.04 0.07 0.19 0.26 0.14 0.06 0.14
Al

2
O

3
30.18 30.76 32.71 28.73 30.74 29.78 30.34 29.39 29.33 30.00 30.56 29.74 29.79 30.43

Fe
2
O

3
0.38 1.06 0.48 0.32 0.40 0.21 0.25 0.08 0.05 1.46 0.55 0.01 0.04 0.05

SiO
2

12.72 10.35 10.99 11.03 12.05 13.06 13.21 13.87 13.28 13.21 13.11 13.09 14.23 13.90
As

2
O

5
0.05 0.17 0.00 0.03 0.00 0.08 0.00 0.00 0.06 0.14 0.09 0.00 0.03 0.00

P
2
O

5
23.43 25.03 26.11 23.22 24.68 22.91 22.31 22.84 22.61 22.84 23.40 22.85 22.83 22.92

SO
3

0.02 0.00 0.06 0.08 0.05 0.00 0.00 0.00 0.02 0.00 0.03 0.00 0.02 0.00
TiO

2
0.18 0.09 0.34 0.55 0.52 0.18 0.11 0.11 0.08 0.14 0.05 0.12 0.05 0.07

Cl 0.01 0.01 0.00 0.02 0.02 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.01
F 2.88 3.34 3.10 2.78 2.96 3.21 3.06 2.54 2.70 2.08 3.19 2.75 2.93 2.76
H

2
O* 23.27 23.41 23.86 23.16 23.35 23.13 23.05 23.33 23.25 23.29 23.05 23.31 22.91 23.36

O=F,Cl -1.21 -1.40 -1.31 -1.17 -1.25 -1.35 -1.29 -1.07 -1.14 -0.88 -1.34 -1.16 -1.24 -1.16
total 105.82 108.69 110.68 103.07 108.69 104.12 103.81 104.34 103.84 106.82 106.01 104.34 105.83 105.31
Na+ 0.022 0.015 0.021 0.039 0.017 0.034 0.017 0.032 0.043 0.014 0.003 0.000 0.026 0.031
K+ 0.042 0.036 0.037 0.070 0.034 0.043 0.033 0.058 0.063 0.022 0.034 0.058 0.021 0.034
Ca2+ 2.232 1.846 1.827 2.094 1.990 2.566 2.503 2.471 2.459 2.080 2.081 2.490 2.113 2.531
Ba2+ 0.006 0.017 0.000 0.000 0.006 0.006 0.000 0.019 0.000 0.000 0.003 0.016 0.003 0.008
Sr2+ 0.364 0.722 0.546 0.509 0.614 0.063 0.087 0.168 0.253 0.543 0.378 0.220 0.510 0.100
Pb2+ 0.002 0.007 0.000 0.013 0.005 0.002 0.000 0.001 0.002 0.000 0.000 0.000 0.000 0.000
Mn2+ 0.008 0.019 0.009 0.010 0.008 0.010 0.011 0.012 0.006 0.004 0.004 0.009 0.000 0.000
Zn2+ 0.043 0.102 0.064 0.090 0.045 0.056 0.068 0.006 0.011 0.029 0.038 0.022 0.008 0.021
Al3+ 7.275 7.390 7.491 7.309 7.298 7.253 7.357 7.141 7.215 7.166 7.263 7.271 7.152 7.255
Fe3+ 0.059 0.163 0.070 0.053 0.060 0.032 0.039 0.012 0.008 0.223 0.084 0.001 0.007 0.008
Ti4+ 0.028 0.014 0.050 0.090 0.078 0.028 0.017 0.017 0.013 0.021 0.007 0.019 0.007 0.010
Si4+ 2.602 2.110 2.135 2.381 2.426 2.699 2.718 2.859 2.773 2.677 2.644 2.715 2.898 2.812
As5+ 0.005 0.018 0.000 0.003 0.000 0.009 0.000 0.000 0.007 0.015 0.009 0.000 0.003 0.000
P5+ 4.057 4.320 4.295 4.242 4.209 4.007 3.886 3.987 3.995 3.919 3.995 4.012 3.937 3.925
S6+ 0.003 0.000 0.009 0.013 0.007 0.000 0.000 0.000 0.003 0.000 0.005 0.000 0.003 0.000
Cl- 0.003 0.002 0.000 0.008 0.005 0.005 0.001 0.000 0.005 0.002 0.003 0.002 0.000 0.002
F- 1.861 2.151 1.905 1.898 1.885 2.100 1.991 1.653 1.782 1.335 2.035 1.806 1.890 1.763
H+ 33.968 35.007 34.616 34.744 34.477 33.617 33.238 33.819 33.980 33.866 33.271 34.031 33.327 33.559
OH 0.964 2.000 1.619 1.749 1.474 0.620 0.241 0.824 0.972 0.863 0.274 1.027 0.326 0.553
H

2
O 16.502 16.504 16.499 16.497 16.501 16.499 16.499 16.497 16.504 16.501 16.498 16.502 16.500 16.503

mean and 1–13 spot analyses of UNK1
H

2
O* content was calculated from the general formula (H

2
O = 16.50) and charge balance; empirical formulas were calculated on the basis of

(P+As+Si+S+Al+Fe+Ti) = 14.
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T a b l e  4  X-ray powder diffraction pattern of UNK2

Irel d h k l Irel d h k l Irel d  h  k l
2.7 15.775 0 0 1 0.2 3.120 1 3 1 0.4 2.2701 0 2 6
2.1 13.778 0 1 0 1.1 3.097 0 2 4 0.2 2.2660 0 -3 7

100.0 12.015 0 -1 1 0.6 3.089 0 3 3 0.2 2.2399 2 3 1
0.6 9.266 0 1 1 0.5 3.048 2 -2 0 0.5 2.2229 -1 6 1
1.8 7.006 0 -2 1 0.3 2.996 -2 -1 1 0.2 2.1996 1 4 3
3.4 6.889 0 2 0 0.3 2.992 2 -1 1 0.2 2.1687 -2 5 2
1.8 6.195 0 1 2 1.2 2.989 -2 -1 2 0.3 2.1580 1 -6 4
0.5 6.183 1 0 0 0.9 2.982 0 -3 5 0.2 2.1561 0 -4 7
0.2 6.095 1 -1 0 0.7 2.962 1 -4 3 0.2 2.1403 -2 4 4
3.0 6.008 0 -2 2 0.5 2.958 1 -3 4 0.3 2.1384 0 1 7
3.6 5.792 0 2 1 0.9 2.935 2 -2 1 0.2 2.1019 -2 -3 6
0.4 5.504 -1 -1 1 0.9 2.917 0 1 5 0.2 2.0998 -1 -5 6
0.3 5.365 1 0 1 0.4 2.905 -1 -4 1 0.2 2.0976 -1 -4 7
0.3 5.276 1 1 0 1.2 2.896 0 4 2 0.2 2.0961 2 3 2
0.4 5.258 0 0 3 0.2 2.880 -2 -1 3 0.2 2.0919 -1 5 4
0.3 5.121 -1 -1 2 1.9 2.841 0 -5 1 0.2 2.0671 0 6 2
0.7 5.093 -1 1 2 0.5 2.838 0 -5 2 0.2 2.0357 1 -6 5
0.3 4.858 -1 2 1 0.3 2.812 1 3 2 0.3 2.0292 1 6 0
1.0 4.748 0 -3 1 0.2 2.795 1 1 4 0.4 2.0278 0 5 4
1.4 4.633 0 2 2 0.2 2.762 2 -3 1 0.3 2.0213 0 -7 3
0.2 4.618 1 1 1 0.5 2.752 -2 -2 2 0.4 2.0206 1 -7 2
0.2 4.592 1 -1 2 0.7 2.751 1 -5 1 0.3 2.0162 0 -5 7
0.4 4.540 0 1 3 0.7 2.748 0 -5 3 0.2 2.0098 2 4 1
0.3 4.281 -1 2 2 0.2 2.746 2 -2 2 0.2 2.0047 1 4 4
0.2 4.217 1 2 0 0.7 2.702 -2 3 2 0.2 2.0015 -1 -6 5
0.3 4.134 0 3 1 0.2 2.702 1 -5 2 0.3 1.9960 0 2 7
0.4 4.030 1 -3 1 0.2 2.698 0 -2 6 0.2 1.9959 -1 -3 8
0.3 3.937 -1 -2 3 0.6 2.689 -2 -2 3 0.2 1.9854 -1 6 3
0.3 3.876 -1 3 1 0.4 2.629 0 0 6 0.2 1.9719 0 0 8
0.4 3.792 1 2 1 0.3 2.624 2 -3 2 0.2 1.9682 0 7 0
0.2 3.723 -1 0 4 0.2 2.612 -1 5 1 0.3 1.9561 2 -6 3
0.2 3.626 1 0 3 0.8 2.604 0 5 1 0.3 1.9384 -2 5 4
0.7 3.589 0 3 2 0.5 2.560 -2 -2 4 0.3 1.9380 -1 4 6
0.5 3.548 -1 -3 1 0.4 2.546 -2 2 4 0.2 1.9271 1 -7 4
1.0 3.539 -1 -3 2 0.5 2.540 -2 3 3 0.2 1.9120 -2 2 7
0.2 3.463 0 -3 4 0.2 2.514 1 3 3 0.2 1.9107 3 -4 1
3.4 3.444 0 4 0 0.2 2.505 -2 0 5 0.6 1.9066 -1 -6 6
0.5 3.389 1 3 0 0.3 2.4875 2 2 1 0.2 1.8852 2 5 0
0.3 3.365 -1 -3 3 0.2 2.4556 -1 5 2 0.4 1.8611 -1 -7 3
0.2 3.358 1 -3 3 0.2 2.4395 -1 -5 1 0.3 1.8533 0 5 5
2.3 3.294 0 -4 3 0.3 2.4380 2 0 3 0.2 1.8371 2 -7 1
0.9 3.281 1 1 3 0.7 2.4202 1 -5 4 0.3 1.8295 -1 -7 1
0.8 3.263 0 -1 5 1.1 2.4090 0 -4 6 0.2 1.8268 2 -7 0
1.0 3.199 0 4 1 0.3 2.4031 0 -5 5 0.2 1.7944 0 6 4
0.2 3.195 0 -2 5 0.8 2.3742 0 -6 2 0.4 1.7794 1 7 0
0.2 3.170 -2 0 1 0.2 2.3624 -1 -5 4 0.2 1.7764 2 4 3
0.3 3.161 1 -1 4 0.2 2.3545 1 5 0 0.2 1.7739 -2 -6 2
0.7 3.155 0 0 5 0.4 2.3359 0 3 5 0.2 1.7433 -2 -6 1
0.4 3.149 2 -1 0 0.2 2.3207 1 -6 2 0.3 1.7126 1 7 1
0.2 3.142 -1 4 1 0.5 2.3092 2 2 2 0.3 1.7062 -3 -4 2

T a b l e  5  Unit-cell parameters of UNK2 (for triclinic space group P-1)

Krásno Jáchymov
this paper IMA 2004-038

a [Å] 6.407(7) 6.408(3)
b [Å] 14.402(7) 14.491(5)
c [Å] 16.60(2) 16.505(8)
� [°] 102.89(6) 102.87(3)
ß [°] 100.5(1) 101.32(5)
� [°] 98.23(8) 97.13(3)
V [Å3] 1441  1442(1)  
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T a b l e  6  X-ray powder diffraction pattern of UNK3

I
rel

d h k l I
rel

d h k l I
rel

d  h  k l
4 8.390 0 0 2 11 2.5790 2 0 0 8 1.8293 2 2 6

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

18 4.352 0 2 3 4 2.3448 1 5 2 6 1.6961 0 8 2
40 4.195 0 0 4 21 2.2667 0 2 7 9 1.6853 2 6 2
17 3.656 1 1 3 7 2.2242 0 6 2 16 1.6798 0 0 10
46 3.590 0 2 4 3 2.1687 1 3 6 17 1.6420 0 4 9
19 3.438 1 3 0 8 2.1476 1 1 7 11 1.6007 0 8 4

100 3.390 0 4 1 7 2.1080 1 5 4 13 1.5903 2 6 4
48 3.182 1 3 2 3 2.0977 2 2 4 13 1.5526 0 6 8
25 3.021 0 2 5 7 2.0547 2 4 1 6 1.5312 2 6 5
6 2.945 0 4 3 17 2.0221 0 6 4 12 1.4659 2 6 6

18 2.799 0 0 6 11 1.9606 2 2 5 7 1.4583 3 1 6
20 2.755 1 1 5 9 1.8989 2 0 6
11 2.672 0 4 4 11 1.8465 1 7 0
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T a b l e  7  Unit-cell parameters of UNK3 (for orthorhombic space
group Cmcm)

UNK3 rockbridgeite frondelite
this paper 1* 2*

a [Å] 5.161(1) 5.172–5.185 5.176–5.210
b [Å] 13.846(2) 13.78–13.873 13.810–13.932
c [Å] 16.789(3) 16.782–16.810 16.811–17.010
V [Å3] 1199.8(3) 1198.0–1207.1 1211.4–1231.0

[�!1�����.!����������.9!��>8���!����;!�������9!A����!���K��9!��''!-E<���;
*2 various occurrences, Sejkora et al. (2006c), ICDD 8-83, 35-625.
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T a b l e  9  X-ray powder diffraction pattern of UNK4 from Krásno.

0
���

� . " � 0
���

� . " � 0
���

� . " �

100 16.812 * 0 0 1 21 2.965 * 1 1 3 9 1.9341 F
21 8.399 * 0 0 2 17 2.939 * 0 1 5 9 1.8971 * 0 3 3
3 8.114 F 5 2.847 * 0 2 2 4 1.8827 F

10 6.056 * 1 0 0 37 2.799 *F 0 0 6 21 1.8670 * 0 0 9
18 5.697 * 0 1 1 10 2.772 F 9 1.8366 F
15 5.596 * 0 0 3 29 2.702 F 6 1.8181 * 0 3 4
3 4.911 * 0 1 2 4 2.660 * 0 2 3 7 1.8120
6 4.842 8 2.624 F 5 1.7967 * 1 1 8
7 4.202 * 0 0 4 12 2.610 4 1.7935 F
2 4.108 * 0 1 3 10 2.543 * 0 1 6 10 1.7692 *F 2 1 6
8 4.053 F 3 2.514 F 11 1.7462 *F 2 2 0
6 3.871 F 14 2.4033 * 0 0 7 7 1.7229 *F 2 0 8

12 3.494 * 1 1 0 8 2.2893 *F 2 1 0 3 1.7097 * 2 2 2
13 3.443 *F 1 0 4 21 2.2487 * 0 2 5 7 1.6357 *F 0 3 6
15 3.341 24 2.2317 * 0 1 7 7 1.5145 1 1 10
8 3.307 2 2.1800 * 1 1 6 10 1.4683 *F 0 2 10
8 3.197 6 2.1358 F 6 1.4222 0 4 4
5 3.168 F 1 2.0606 F 5 1.3978 1 1 11

12 3.065 F 17 1.9845 * 0 1 8 7 1.3644 1 0 12

* – diffraction maxima used for refinement of unit-cell parameters in proposed primitive trigonal cell
F – probable coincidence with fluorapatite
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T a b l e  1 0  Chemical composition of UNK4 from Krásno (in wt. %)
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Empirical formulas were calculated on the basis of (P+As+Si+S) = 2; all
Fe

tot
 as Fe3+; *H

2
O content calculated from charge balance.
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T a b l e  1 1  X-ray powder diffraction pattern of UNK5
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2 16.993 32 3.689 40 3.691 6 2.2504 N 6 2.2557
4 16.293 6 16.155 9 3.607 6 2.2231 4 2.2254

28 10.372 5 10.280 63 3.542 N 44 3.542 6 2.2011 4 2.1995
48 9.981 N 29 3.477 14 3.479 2 2.1691 5 2.1720
46 8.706 9 8.825 11 3.428 7 2.1090 8 2.1068
51 7.994 40 7.907 22 3.358 N 21 3.355 4 2.0866 2 2.0899
82 7.641 100 7.630 14 3.331 4 2.0590 7 2.0668
68 7.230 7 3.272 11 3.277 10 2.0273 10 2.0318
71 7.069 78 7.071 100 3.212 83 3.216 11 1.9922 N 10 2.0205
5 6.733 N 40 3.167 N 21 3.170 19 1.9766 14 1.9790

10 6.367 8 6.354 14 3.094 4 3.099 13 1.9737 9 1.9626
2 6.123 12 3.057 10 1.9475 4 1.9509

21 5.930 12 5.934 18 3.034 9 3.039 1 1.9311 6 1.9315
9 5.707 5 5.705 11 3.009 11 3.004 7 1.9159 18 1.9208

28 5.637 35 5.641 7 2.962 14 1.8900 18 1.8934
3 5.258 22 2.897 N 23 2.901 14 1.8787 7 1.8799
9 5.200 1 2.817 6 2.821 1 1.8554 13 1.8563

10 5.035 N 12 5.005 10 2.762 16 2.763 7 1.8206 N 7 1.8193
19 4.982 4 4.953 7 2.705 11 2.704 12 1.8097 8 1.8121
4 4.765 4 2.641 3 1.8026 13 1.8039
5 4.471 6 4.457 17 2.616 20 2.619 8 1.7961
8 4.411 10 2.577 6 2.575 6 1.7754 N

11 4.338 1 4.340 3 2.547 11 1.7450 3 1.7537
7 4.258 9 2.529 N 6 1.7277 11 1.7221

2 4.168 2 4.174 7 2.505 3 2.509 17 1.7180
2 4.081 7 4.069 6 2.4918 5 2.4897 4 1.6735

32 3.989 13 3.967 6 2.4311 6 2.4301 3 1.6393 4 1.6424
32 3.929 27 3.924 4 2.3937 2 2.3927 4 1.6089 4 1.6082
26 3.899 38 3.895 11 2.3534 12 3.5510 4 1.5728
7 3.802 10 3.813 5 2.2903 4 2.2893 3 1.5510 5 1.5520
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T a b l e  1 2  Chemical composition of UNK5 (in wt. %)
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T a b l e  1 3  X-ray powder diffraction pattern of UNK6
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T a b l e  1 5  Ideal composition of arthurite group minerals

A B T
arthurite Cu Fe As Davis – Hey (1964)
cobaltarthurite Co Fe As Jambor et al. (2002)
ojuelaite Zn Fe As Cesbron et al. (1981)
earlshannonite Mn Fe P Peacor et al. (1984)
whitmoreite Fe Fe P Moore et al. (1974)
UNK6 Cu Fe P this paper
UNK7 Zn Fe P this paper
UNK8 Fe Al P this paper
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T a b l e  1 6  Chemical composition of UNK6 (in wt. %)
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T a b l e  1 7  Chemical composition of UNK7 (in wt. %)
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Empirical formulas are calculated on the basis of (P+As+Si+S) = 2;
Average composition and 1, 2, 3 – spot analyses of UNK8;
4 – theoretical composition calculated from the formula
Fe2+Al3+

2(PO4)2(OH)2 . 4H2O.
* calculation of Fetot to Fe2+ and Fe3+ is based on the assumption that
Fe3+ preferentially (together with Al3+ and Ti4+) occupied the position
B3+ and only the surplus Fe (above 2 pfu) enters the position A2+ as Fe2+.
** H2O content calculated from the general formula (H2O = 4) and
charge balance.
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T a b l e  1 9  X-ray powder diffraction pattern of UNK9
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Irel* and d* – unnamed mineral (dufrénite-like), Buranga, Rwanda (Knorring – Sahama, 1982).
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T a b l e  2 0  Chemical composition of UNK9 (in wt. %)
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T a b l e  2 1  Chemical composition of UNK10 (in wt. %)
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