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The crystal structure of bermanite, a hydrated manganese phosphate
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Abstract

Bermanite, Mn?*(H;0),[Mn}*(OH).(PO,),], a 5.446(3), b 19.25(1), ¢ 5.428(3)A, B
110.29(4)°, monoclinic, space group P2,, Z = 2, is a novel structure type based on dense-
packed [Mn3"(OH),(PO,),]*~ slabs parallel to the {010} plane linked by tetrahedral corner-
sharing to insular trans-[Mn?* (Op),(H,0),] octahedra. Chains-of edge-sharing Mn®* -0 octa-
hedra, expressed as.![Mn®*(OH)(Op),], run parallel to the [101] direction and are corner-
linked by the (PO,) tetrahedra to form the slabs. A compact slab approximates local
[C-A-B-C] anion packing where the A and B layers are fully occupied and the C layers only

one-quarter occupied.

R(hkl) = 0.059 for 1254 independent reflections. The average interatomic distances are
Mn®*(1)-O 2.020A, Mn®*"(2)-O 2.023A, Mn?*(3)-O 2.186A, P(1)-O 1.550A and P(2)-O
1.548A. Local dense-packing and pseudo-orthogonal character of the structure allow several
kinds of twinning, which are explicable on the basis of local structure geometry.

Introduction

Bermanite occurs in moderate abundance at sev-
eral pegmatites (Moore, 1973) as a late-stage hydro-
thermally reworked product of primary manga-
nese-iron phosphates, in particular triplite,
(Mn,Fe);*(F,OH)(PO,). Originally described by
Hurlbut (1936) from a pegmatite on the 7-U-7
Ranch, west of Hillside, Bagdad district, Arizona, it
occurred in veinlets and cavities which cut and line
triplite.  Hurlbut established orthorhombic ho-
losymmetry from single-crystal goniometric and X-
ray study which afforded a = 6.25A, b = 8.92A, ¢ =
19.61A, and he proposed the composition
(Mn,Mg)i*(Mn,Fe)3* (PO,)s(OH), - 15H,0 based
on the analysis of F. A. Gonyer. A space group was
not proposed. Leavens (1967), upon reexamining ber-
manite from the type locality as well as from other
hitherto unrecorded locations, confirmed the ortho-
rhombic symmetry and determined the cell constants
a = 6.20A b =892A, ¢ = 19.20A with space group
C222,. From space-group restrictions and an electron
microprobe analysis, he proposed the ideal formula
Mn?**Mn}*(PO,),(OH), - 4H,0, Z = 4. Hurlbut and
Aristarain (1968) studied bermanite from the triplite-
bearing El Criollo pegmatite near Cérdoba, Argen-
tina, and detected persistent twinning which (hey sub-

sequently confirmed from restudy of the type mate-
rial. The twin laws observed as well as non-
orthorhombic orientation of the optical indicatrix
forced them to conclude that bermanite is sensibly
monoclinic with the cell constants a = ¢ = 5.426A. b
= 19.206A, 8 = 110°30’ (on crystals from Argentina)
and the space group P2,. A new analysis of bermanite
from the type locality confirmed the ideal formula
proposed by Leavens with Z = 2.

Recently, Mr. J. E. Johnson of the South Austra-
lian Museum sent us several specimens of bermanite
crystals from the McMahon pegmatite near Olary,
South Australia. The mineral replaces triplite along
fracture surfaces and occurs in association with
phosphosiderite, strengite, siderite, hureaulite, rock-
bridgeite, manganese oxides, and an unknown yellow
fibrous mineral. The bermanite crystals are of ex-
cepiional quality and up to I mm in maximum di-
mensicn. Twinring is prevalent; however, a small
untwinned individual, eminently suitable for crystal
structure analysis, was recovered with little difficulty.
Knowledge of the crystal structure would establish
the true symmetry and ideal chemical formula of
bermanite and would explain the various twin laws
determined by Hurlbut and Aristarain.

Our principal motivation for determining crystal
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Ted
843
17.0
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10.5
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5543
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6506
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-53,5 3 10 1. 33.0 322 193.2 S22 0
263.2 3 11 1 142 16,9 =17,3 3 o -1 5042
S54. 8 3 11 -1 26Ge9 28+ 6 93 2 v} 1 9 el
-15.5% 3 12 -1 2760 270 14,6 3 2 -1 54 .9
-74 0 3 1z 1. 1le8 Beb 158.0 3 2 1 73.8
-79.9% 3 13 1 219 21.6 173.,6 3 4 -1 12268
-23 .8 3 13 = 6ol 6ol S8.7 3 4 1 ©68¢1
104 3 14 -1 209 21 .8 B3 3 [$) -1 747
242,11 3 1< 1 €Co & 18 =755 3 6 1 bl 66
-87 .7 3 15 -1 21.2 19.8 26.1 3 s -1 80.4
-84 9 3 16 -1 073 690 404 3 8 1 4565
4940 3 16 1 41.2 L1e9 18163 3 9 -1 23.6
251 .9 3 17 1 1C.9 10e€C 195¢6 3 14 1 4.6
4242 3 1€ 1 4Q0e¢ 6 4262 189.C 3 17 -1 24 9
20 .9 3 20 -1 3661 3663 Ce 6 3 18 -1 2561
1440 3 zo i 1C.3 12,0 197.1 5 19 1 13.0
-8462 3 21 1 Se 0 4¢3 2339 3 19 -1 7 6
441 3 22 -1 11.2 13.4 12.6 3 21 -1 447
15009 3 1 2 3967 403 -76.0 3 0 -2 4061
-14.9 3 1 -2 2G4 3061 =307 3 0 2 15,6
12761 3 2 -2 479 4862 2962 3 14 -2 18¢5
-56.5 3 2 2 15.7 14.3 4443 3 17 2 114
20047 3 3 2 15,4 162 1327 3 19 -2 7e4
1865.9 3 3 -2 355 34 6 147 .9 ] (o] -3 362
-23.5 3 4 =2 27.0 28.2 152.7 3 ) 3 6.7
227.6 3 4 2 20.6 17.8 108.0 3 2 =3 82.5
257.9 3 S 2 3Ge7 3969 7362 3’ 4 3 656G
1642 3 5 =2 13.5 15¢0C 2644 3 13 3 4.1
7.9 3 6 -z 20.3 2009 =—4843 3 14 -3 7540
48e5 3 6 2 17.6 16,7 13.7 3 18 =3 4041
-23.4 3 7 2 34.9 35.9 118.1 3 0 -4 25.3
184 .6 3 7 -2 13.4 210 25044 3 0 4 3.6
1264, 6 3 & -2 2€e 8 235 ~86+4 3 1 -4 20 .1
-i5.1 3 I3 2 1405 12,5 221.7 3 0o -5 37.5
1606 3 9 2 13.1 1443 -3.3 3 12 -5 3945
2175 3 S -2 114 117 -16,9 3 o] -0 3eD
53.1 3 10 -2  24.6 24,8 =51,2 3 2 -6 19.8
S3.7 3 10 2 168 14.0 19.0 3 3 -6 181
221.7 2 11 2 33.6 34,5 244,1 3 6 -0 1646
153.9 3 11 -2 3C.2 31.0 255.8 3 [ 4 1440
-36.1 3 12 -2 11.0 Te8 173.6 4 1 (o} 4562
217.1 3 12 2 16.5 17.0 176.4 4 2 0 30.3
183.5 3 13 2 20.9 21.4 =53.4 4 12 0 2401
83.0 3 13 =2 11.5 11.8 73.3 4 3 0 38.1
73.9 3 14 2 19.1 1807 44,1 4 13 0 36.1
169.9 3 1% 2 11.7 12.€6 153.7 4 4 0 20 .4
57 40 3 15 =2 33.3 33.5 113.7 4 14 0 1401
163.4 3 16 =2 22.8 23.9 212.0 4 5 0 3447
133.8 3 16 2 11.1 11.3 120.5 4 15 0 20 .0
172.3 3 17 -2 12.0 11.7 48,2 4 16 0 5.8
141.5 3 18 -2 162 1462 -2606 4 7 o] 4Se7
145,0 3 18 2 Se & Be3d =26.0 4 17 (o] 23 5
16640 3 19 2 10.6 117 229.9 4 8 0 25.9
181.3 3 20 =2 7.9 7.7 200.0 4 18 0 2547
6945 3 21 =2 10.8 14¢2 =-83.7 4 9 0 6440
202406 3 22 -2 175 185 619 4 10 1 Te7
42,5 3 1 3 13.2 13.8 175.6 4 10 =1 31.5
6962 3 1- =3 31e7 - 296l 2015 4 20 -1 11e%
58.5 3 2 3 9.6 9.9 33.9 4 1 -1 20.9
2.6 3 3 3  16.6 16.9 =24,0 S 4 1 1 26«5
-4846 3 3 -3 40.0 35.4 265.5 4 11 -1 18.1
-1.8 3 4 =3 43.7 4067 17644 4 11 1 2040
2499 3 S 3 15.9 152  216,7 4 2 1 13.0
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s, i A
H K L 3] FC  ALPH H K L FO FC  ALPH H K L Fo FC  ALPH
4 g -1 43.4 4344 2.0 4 s 3 648 3¢9 =50.0 4 11 =2  67.2 6644 7649
4 G 1 11.2 9e5 9040 4 19 =3  21.5 2le1 173.C 4 3 2 30.2 28.3  S4.6
4 19 -1 3.9 5.2 1031 4 1 -4 3549 B2.7 26847 4 8 =2  29.0 27. 1 3%e1
4 10 2 23.6 2540 12.7 4 11 -4 49,7 48.9 =70.1 4 0 3 6e2 441 ~3.2
4 11 2 49.8 49.5  88.6 4 2 4 28.4 2602 1£246 4 0o -3 355 35,0 18145
4 2z 10.6 101 7.5 4 2 -4 165 12¢3 12645 4 11 -3 843 4e0 1391
4 2 =2 51.9 4967 =-84.3 4 12 =4 251 22.9 7243 4 & -3 745 1.0 160.3
4 12 =z 32.1 315 =543 4 3 -4 5240 48¢7 -75.9 4 0 4  34.1 36.8 182.2
4 12 =2 32.2 29¢7 -144C 4 3 a4 2540 23.4 =622 4 0 -4 662 5.5 17249
4 3 -2 43.4 4245 9749 4 13 -4  4lcl 42,8 265,3 4 10 =4  20.2 16.7 19840
4 13 -2 41e3 4245 118.9 4 4 -4 118 1203 17.4 4 1 4 37.9 38.3 2595
4 13 2 3242 3045 125.0 4 14 -4 1644 17.2 108.1 4 Y -4  25.8 2447 264241
4 4 2 21.7 19.5 39.3 4 5 -4 31.6 29¢S 24G. 0 4 0o -5 12.0 11e4 -3.3
4 4 -z 5Ce7 4742 =-68.5 4 15 -a Z6el 28.2 <-70.1 4 0 -6 9.8 6e5 2.9
4 14 2 3.9 T8 -67.4 4 € -4 31.5 30e4 233.7 4 1 -6 2545 23.7 11%.2 =
4 14 =2 1843 16,0 249.2 4 16 -4 10.5 12e3 =7640 4 3 =6  25.7 2440 74.5
4 5 -2 46,0 4443 12943 4 7 -4 28.1 20¢4 ~51.6 4 6 =6 22.0 2240 131.2
4 5 2 21.1 19.8 111.7 4 17 -4 31.4 32.9 260.8 5 10 0 19 .6 169 9.0
4 15 -2 20.1 20.6  80.2 4 8 -4 27.1 2802 =37.5 5 1 0 3.7 5¢4 12740
4 15 2 151 14e3  71e5 4 18 -4 20.4 2040 25367 5 11 0 17 .5 16.7 152.5
4 6 2 1043 11.8 55.8 4 10 -5 13.6 1244 1101 5 12 ) 609 Ge& 24447
4 6 -2 1403 129 24040 4 1 -5 9l 7.1 185.6 5 3 o 18.8 19¢3 193e0
4 16 2 12.9 10.8 2.0 4 11 =5 2347 23.9 188.7 5 13 0 542 Be2 =42.3
4 16 =2 139 113 3.0 4 2 -5 11.2 Gel =11.3 5 4 0 13.7 14,0 188.7
4 7 -2 40.0 39.6  €3.3 4 12 . -5 4.8 0«8 2348 5 14 0 18.3 2Ce4 15043
4 7 2 2746 25.6 €240 4 3 =5  3Ce5 29¢5 193.3 5 5 0 1849 17.9 13.3
4 17 -2 30.5 30.6 10845 4 13 -5 22.5 229 150.9 s 15 0 13.5 146 25140
4 8 A 28,3  25.7  45.b 4 4 -5 1647 17¢1 17046 5 6 0 13.1 13.1 1804
4 18 =2 3.9 2.1 11643 4 14 =5 7.5 6e3  55.4 5 16 0 195 20.2 179.2
4 ¢ -2 39.2 3947 117.5 4 5 -5 11.3 648 2543 5 7 o Yo 8.6 133.0
4 9 2 39.4  38.0 S$3.7 4 15 -5 15.5 152 175.2 s b 0 13,9 12,0 9640
4 15 -2 22.8 25.8 B2.6 4 e -5 11.0 $e8 =1444 5 10 =1 14.5 ¢ 15,0 0.2
4 10 8 17.6 16.8 32.4 q 7 -5 849 7e7 -6840 5 10 1 1367, 116 199,3
4 1C -3 6.4 2.3 -2.2 4 8 -5 Se 4 23.9 17141 5 1 1 3140 29.6 12346
4 1 -3 32.7  32.6 11.9 4 > =5 20.1 19.6 4.9 5 1 -1 1867 1742 25145
4 1 3 18.8 19¢2 =26.5 @ 10 =6 13.2 11.4 19246 5 11 1 1064 . 645  35.2
4 11 3 23.4 23.6 222.0 4 11 =6 30.4 30e5  &8el 5 11 -1 2143 20e6 =2746
4 2 3 6.2 6e4 =5640 4 2 -6 19.7 174 214.5 5 2 -1 25.6 23.3 =34.2
4 2 -3 19.7 176 =10.2 4 4 -6 11.0 7+7  50.6 5 2 1 33.7 . 295 16947
4 12 3 Bea 7.2 75.2 4 S -6  36.2 36.8 10645 5 12 =1 23.9 2443 =11.8
4 12 -3 23,9 22.5 197.1 & 7 -6 37.1 38e5 6£9.8 5 12 1 7.0 9el 14640
4 3 -3 6.6 3.7 -24,2 4 &8 -6 20,1 20.6  83.5 5 3 1 45,5 4541 8843
4 3 3 115 9.5 14643 4 9 -6 34.6 33.7 105.1 5 3 -1 5062 | 49e3 =43.4
4 13 -3 23.4 2244 1844 4 c 0 144 Se5 184.6 S 13 1 2449 244% 12849
4 4 3 19.6 19.2 17642 4 1C 0  34.9 33.4 183.4 5 4 -1 6748 | 4601 =20e2
4 4 -3 4.9 5.0 -56.3 4 11 0 5G.7 6062 =75.3 5 4 1 30e4 30.3 15241
4 14 =3 8.5 5.8 <=4B.4 4 & 0 2946 28¢5 187.3 S 14 =1 3040 30.5 =11.8
4 5 =3 1845 18.1 0.1 4 19 0  37.5 40.0 -73.6 5 14 1 2745 ' 243 15746
4 5 3 15.2 15.3  36.5 4 0 1 2641 256 181.7 s 5 1 45.0 4447 115.9
4 15 -3 6.9 3.5 214.3 4 0 =1 33.1 27.6 =141 5 15 =1 36 .0 35.8 =76.6
4 6 3 5.1 8.3 22441 4 5 -1 13.2 13.6 =-31.2 5 6 =1 25.0 25.7 8.l
4 6 -3 31.6 3047 4.6 K 7 1 199 21e1 16840 5 o 1 34.6 ' 33.4  20Ce7
4 16 -3 7.2 7.8 209.0 4 &6 =1 27.4  26e1 212.3 5 16 -1 33.4 33.6 21.0
4 7 -3 32,2 33.3 184.0 4 0 2 49,5 504 2.2 5 7 1 33,9 3209 592
4 7 3 5.7 67 204.4 4 C =2  42.4 31e4 245 5 7 -1 33.0 3Ce4 =57.4
4 17 =3 10.2 10.9 154.4 4 10 =2  Zl.7 22.7 9S.9 5 17 -1 2846 271 243.5
4 & 3 8.8 6.8 122.3 4 20 -2 14.8 13.2 5647 s 8 -1 3645 35.3 13.1
4 18 -3 4.8 4.C 167.8 4 1. -2 6643  85e3 10246 s 8 1 1447 128 2131
4 g =3 4.4 6.5 167.6 4 1 2 5645 56+0 11643 5 9 -1 30e8 295 24441

7N




BERMANILIIE SHEET NU. z PART 2 "

4 K L FO FC ALPH H K L FO FC ALPH H K L FO FC ALPH
5 10 =2 1201 102 =¢143 5 3 -5 33.8 33.2 +31.C € 9 -1 S8 1565 19.7
5 1C - 111 13,2 1356.4 5 4 =5 4540 4263 -1.6 o 10 =2 2802 26,6 6e2
[5) 1 2 15.8 15¢4 =45,6 5 5 -5 Zle4 1664 2491 6 1 =2 3862 30e8 149.4
5 1 -2 2565 24 47 =1049 ) o =5 3060 2946 175 6 11 =2 1269 12.9 99.7
5 11 =z 23.7 22.4 2C4e8 5 7 -5 21.8 203 234e4 o 12 =2 3567 3469 0e 2
5 2 -z 288 2743 6741 [ S -5 38,2 35.6 208e4 6 3 =2 17 9 1864 7846
5 2 2 3.9 2.6 15165 S 1 -6 17.8 1663 2.3 6 13 =2 30.8 27.8 1602
5 12 =2 1667 152 170.9 5 2 -6 2162 20.6 5447 9 4 =2 33.06 30.0 Ce S
5 3 P 1401 14,€ 19363 5 2 -6 Se2 3.7 23662 6 5 =2 12.8 113 12741
5 3 -2 1665 1440 1963 s 4 -6 1468 144 113.6 -6 & =2 254 23. 3 1607
5 13 =2 214 2l1e1 =1le4 [3) 5 -o 10.4 Yol =44oe6 & 7 =2 2561 2567 2465
5 4 =2 2340 214 7249 5 6 -6 1068 10.C 263.5 6 8 =2 218 20.1 3443
5 4 2 8.2 1C.4 -9,.3 5 7 -6 1663 15.8 220.56 6 9 =2 14¢4 1467 5067
5 14 =2 15.0 14¢3 °7649,7 5 0 ¢] Se2 Sel -3.,0 6 10 =3 6l Seb6 =2663 et
) 5 2 8ot 962 5547 ) z 0 1162 10e4 232¢6 6 1 -3 1566 1546 7.1
5 5 -2 2540 24,7 21.9 5 S [} 3540 3662 25.0 o 11 =3 112 76 15364
5 15 =2 441 2¢% 21344 ) o -1 2445 23.4 S5e2 1) 2 =3 1861 170 =635
5 6 -z 1663 15.1 3.8 5 C 1 15.3 166 183.7 6 12 =3 23.0 22¢5 =-8546
5 ) 2 1564 12.5 =-12.1 5 13 -1 298 288 =72.1 6 3 -3 8,0 7e7 24045
s 16 =2 7.2 5e6 11048 s 5 =1 36. 8 3401 256465 (3 4 =3 13.9 128 =898
5 7 2 1646 16,6 178c4 5 ] 1 2045 18¢5 12740 6 5 =3 12.0 117 3867
) 7 =2 31.0 306 1724€ [} ¢ =2 13.3 147 18146 6 6 =3 11.9 103 70.2
5 17 =2 443 5.5 =28.7 s 0 2 3043 30eS 18Ge7 6 7 -3 15.6 15.5 15845
5 g -2 23.9 24e9 270.0 5 ¢ -3 17.7 15.4 185.¢ 6 8 -3 10,2 Yo7 99.8
5 8 2 448 460 59,5 5 12 -3 24,3 268 163,90 6 9 =3 4ol 62 3.9
5 9 2 1463 146 =149 5 13 -3 38.0 39.5 1365 6 10 -4 30.1 28.4 18062
5 g -2 8.0 5.3 22863 S 7 -3 4163 4061 39.¢ 6 1 -4 175 14¢5 24104
5 1C =3 4046 39.6 2CS5e1 5 c -4 Seb 13 207.9 6 11 -4 2566 23.9 =33.1
5 1 -3 27¢5 27¢1 1060.1 5 S -4 171 133 =21.C 6 2 -4 23.6 20.6 177.0
5 11 =3 218 18 46 551 5 ¢ =5 3462 33.1 448 6 4 ~4 201 209 194.2
5 2 -3 4540 419 150.C 5 1 -5 19.6 20.1 25.5 6 5 -4 3063 27e4 22447
5 3 -3 3446 3446 1C5.3 ) g =5 486l 4363 2407 © 6 -4 4048 3666 1543
5 4 =3 2846 2446 163.7 ) 0 -6 1402 12,7 1ble€ 6 8 =4 297 30.7 209.5
S 14 =3 42,9 44 ¢2 17743 6 10 0 4062 38.6 19141 6 9 -4 28.9 26¢3 235.1
5 5 -3 2046 193 149.3 6 1 0 11.0 Be7 =73e8 6 1 -5 10.3 72 =2640
5 15 =3 25.9 2647 9543 6 z [¢] 40e6 36.2 17846 6 2 -5 22 2 2162 8146
s 6 -3 3649 3446 18543 6 4 0 2201 2l1e1 179.3 6 3 -5 2240 21el 17146
5 16 =3 22.8 2447 182.2 3 5 0 Se8 56 =6844 6 S =5 179 1561 <=57,1
5 17 =3 13.2 13.0 11243 6 3 c 28e9Y 274 167.,9 6 6 =5 Se7 6¢0 =18e5
5 8 -3 35.3 33.4 22640 6 7 (o] 10.3 7e2 =45.0 6 7 -5 8e3 7e3 =-6607
s 9 =3 27.2 2409 6063 6 ] C 2444 23¢9 1861.4 (3 0 0 50 8 S5S0e9 18247
5 10 =4 6.8 3.8 2246 6 9 o} 1840 1666 2066 6 3 0 35.1 35,2 =13.1
) 1 -4 1663 157 52.3 6 10 -1 Sel 3.5 83,0 6 0 1 462 2.8 2.9
5 11 -4 1749 149 149.9 6 1 -1 1761 16¢4 =43¢5 6 o -1 368 4.5 183.9
s 2 -4 23.1 21¢3 =-63.4 6 1 1 2447 25,1 5G9.6 6 0 =2 698 6644 2.2
5 12 -4 2548 256 =-85.0 6 11 -1 1847 18¢5 23442 6 2 =2 4263 3862 -2,2
5 3 -4 30,1 27¢2 192.9 6 2 1 2040 19,9 =8548 6 o -3 3.7 Ce8 -6e5S
S 13 -4 1167 966 15062 6 z -1 6.0 Se5 7807 o 0 -4 1406 14,8 18609
5 4 -4 18.1 179 21647 6 12 -1 123 13.C 101.7 © 3 -4 264 67 22,7 =39.8
5 14 -4 163 1767 =854 6 3 -1 15.3 1408 1513 6 7 -4 207 2lel 24247
5 5 -4 11.9 117 -1.3 6 3 1 114 122 208.9 6 0 -5 9.2 7.5 18344
S 15 -4 13.5 113 16646 6 4 1 9.3 7¢5 <-85e8 6 4 =5 6 6 4¢5 12664
5 6 -4 9.3 7e4 5246 6 4 -1 1443 1162 12603 7 1 =2 21.7 20.7 9.3
5 7 -4 7.6 6e7 26448 6 S -1 190 1601 5209 7 2 =2 10.0 7e2 19867
) 8 =4 1761 157 14646 6 ) 1 1765 1667 =510 7 3 =2 646 9e5 =34.7
5 1. -5 15.0 139 <-6442 6 6 1 546 Se2 2664 7 1 -3 32.3 306 11162
S 11 =% 15.5 127 =32.6 .6 6 -1 1€.3 17,6 24745 -7 2 =3 140 11.8 8244
5 2 =-5- 29,3 281  -1847 6 7 -1 1165 1061 115.8 7 0 =2 208 19¢2 180.2
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