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Coordination Framework Ring Insular Chain Layer 

simple I com¬ 
plex 

simple com¬ 
plex 

simple com¬ 
plex 

simple com¬ 
plex 

simple com¬ 
plex 

simple 
com¬ 
plex 

6 2 38 15 13 5 15 5 

Subclass 1. Framework 

1. Boracite Mg3[B3B40i2]OCll group 

2. Rhodizite Cs{Al4(LiBe3Bj2)028}L group 

3. Metaborite H[B02]i) group 

Subclass 2. Insular 

Division A. With Simple [BO4] or [BO3] Radicals 

Subdivision 1. Without Water and Additional Anions 

I. With [BO4] Radical 

1, Behierite Ta[B04] group 

2. Sinhalite MgAl[B04] group 

IL With [BO3] Radical 

1. Nordenskibldine CaSn[B03]2 gr’oup 

2. Kotoite Mg3[B03]2 group 

459 
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Subdivision 2. With Additional O or Oil and Additional Radicals 

lo Jeremejevite Al0[BO3]5(OH)3 group 

2. Ludwigite (Mg, Fe)2p’e[B03]02 group 

3. Johachidolitc Na2Ca3Al4 [BO;j [r, (OH; F)5 group 

4. Ilambergite Be2[B(>j]OH group 

5. Fluoborite Mg^jBO.^KOII, F);; group 

6. Gaudefroyite Ca4Mn3lB03)3|C03]03 group 

Subdivision 3. With Additional Radicals and HjO Molecules 

I. With [B(0H)4] Radical 

1. Cahnite Ca2[As04][B(OH)41 group 

2, Frolovite Ca(B(OH)4]2 group 

II. With [B(0, 0H)3] Radical 

1. Wightmanite Mg9(H20)2[B03]2(0H)i2 group 

2. Seamanite Mn3(H20)3[B03][P04] group 

3. Sulfoborite Mg3(H20)4[B020H]2[S04] group 

Division B. With [B2(0, OH)5_7] Double Radicals 

Subdivision 1. Without Water and Additional Anions 

I. With [B2O5] Radical 

1. Suanite Mg2[B205] group 

Subdivision 2. With Additional OH Anions 

I. With [B20(0H)gl Radical 

1. Pinnoite Mg[B20(OH)g] group 

2. Nifontovite Ca[B20(OH)gl group 

IL With [B2O5 ] Radical 

1. Wiserite Mn4[B205] (OH)4 group 

HI. With [B2O4(OH)] Radical 

1. Szajbelyite Mg2[B2040H]0H group 

2. Rowoite CaMg[B2040H]0H group 

IV. With IB202(011)41 and |B2 03(0H3l Radicals 

1. Uralborite Ca| B2O2 (011)4] group 

Subdivision 3. With Additional Radicals and HoO Molecules 

I. With [B2O5] Radical 

1. Carboborite Ca2Mg(H20)io[B205][C03] group 
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II. With [B20(0H)4] Radical 

1. Liineburgite Mg3(H20)g [PO412(620(011)4] group 

Division C. With Complex [Bj^^Bf^OplOIIlq] Radicals 

I. With [B2BO(OH)5l Radical 

1, Inderite Mg (1120)5 [B2B03(0H)51 group 

2. Kurnakovite Mg(1130)5 [B^BOg(011)5] group 

II. With [B2B2O5(011)4] Radical 

1. Halurgite MgjlHgO) [B2B2O5 (OH)4]2 group 

2. Borax Na2(H20)3[B2B2O5(011)4] group 

III. With [B2B30g(0H)5] Radical 

1, Biringuccite Na2[B2B30g(OH)5] group 

IV. With [BB40g(0H)4] Radical 

1. Larderellite NH4 [BB40g(011)4] group 

V. With Complex (Heterogeneous) Radicals 

1. Ginorite Ca2(H20)2[B405(0H)4][B50g(0H)4]2 group 

Subclas s 3 . Chain 

Division A. With Simple Chains 

I. With [B202(0H)4] Chains 

I. Vimsite Ca[B2 02(OH)4]io group 

II. With [B2O4] Chains 

1. Calciborite Ca[B204]io group 

Division B. With Complex Chains 

I. With [B2B04(0H)3] Chains 

1. Hydroboracite CaMg(H20)3[B2B04(OH)3]2lo group 

2. Colemanite Ca(H20)[B2B04(OH)3]io group 

II. With [B2B2 06(0H)2J Chains 

1. Kernite Na2(H20)3[B2B20g(OH)2lio group 

III. With [BB204(0H)2] Chains 

1. Aksaite Mg(H20)3[BB204(06)2)2 jo group 

2. Teruggite Ca4Mg(H20)4(BB204(0H)2J4[As04]2jo group 
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IV. With [B4B07(0H)5l Chains 

1. Tertschite Ca2(H20)7[B4B07(0H)5group 

V. With [B3B207(0H)4l Chains 

1, Preobrazhenskite Mg3(H20) [B2B207(OH)4]2io gi’oup 
2. Probertite NaCa(H20)3[B2B207(0H)4]^ group 

VI. With [B2B3O7(011)3] Chains 

1. Ezcurrite Na2(H20)2[B2B307(0H)3]i 

VIL With [BgBgOs (011)5] Chains 

1. Kaliborite KHMg2(H20)4[B3B308(0H)5Jgi, group 

Subclass 4. Layer 

Division A. With Layers of [B(0, 011)4] Tetrahedra 

1. Garrelsite Ba2[B3Si07(0H)g]^ group 

Division B. With Layers of [BOg] Triangles 

1. Sassolite HgPOg]^ group 

Division C. With Layers of [B(0, 011)4] Tetrahedra and [B(0, 011)3] 
Triangles 

1. Fabianite Ca[B2B05(0H)]^ group 

2. Tuneilite Sr(1120)3[B3B3O9(011)3]^ group 

3. Hilgardite Ca2[B3B208(0H)2]Cl^ group 

4. Veatchite Srg (H20)[B2B308(0H)2][B(0H)3]^ group 

5. Howlite Ca2(H20)[B5SiOio(OH)3]^ group 

Division D. With Layers of [B(011)4] Tetrahedra and Other Atoms 

1. Bandylite Cu[B(OH)4]Cl^ group 

Inadequately Characterized and Doubtful 

Subclass 1. Framework 

1. BORACITE GROUP. Cubicorth. 

ct-Roracile subgroup. Cubic, —F43c, Z = 8 

Tran sformation 

a temperature, ®C 

/3<- Bora ci te (cuboboracite) Mg;, [B.,BA2|0C1|, 12,10 265 

/li-Ericalte (cuboericaite) Fe3(B3B40,2l0CI<|, 12.18 312 

/^•Chambersite (cubo chambers it e) Mn, |B3B40,..)0CI 12.2,5 407 
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Fig. 212. Structure of boracite: a) framework of B—O triangles and tetrahedra, b) position 

of Mg octahedron in square section of the framework, c) chain of distorted Mg octahedra . 

Str. A framework consisting of regular BO4 tetrahedra and BO3 tri¬ 

angles (ratio 3:4) with large square holes (Fig. 212a). The divalent atoms 

are in distorted sixfold coordination and lie in holes linked into chains 

(Fig. 212c). At the vertices of octahedra in these chains lie Cl atoms, 

each of which lies at the vertices of six octahedra, because three such 

chains mutually intersect in the holes. The other four coordinating atoms 

are oxygen, being in common with the O in the B—O unit (Fig. 212b). In¬ 

teratomic distances in (3 -boracite: B—O4 = 1.48; B—O3 = 1.39; Mg‘“04Cl2 - 

2.04 and 3.02 Po et al., 1951 [264]). Mainly the low-temperature species 

occur in nature; the cubic crystals of boracite are pseudomorphs after a- 

boracite. 

Boracite subgroup. Orth, (pseudotetr.), —Pca2^,Z = 4 

a b c p H 

Mga [B3B4O12] OCl <1 8.54 8.54 12.07 2,93 7-7,5 

Fe3[B3B40nJOCl<|, 8.58 8.65 12.17 3,3(?) (7) 

Mujl83640,2]oci 8,68 8.68 12,26 3.5 7—7,25 

Str. Only slightly different from that of the high-temperature species 

(orthorhombic homology); stable at normal temperature. Interatomic dis¬ 

tances vary only in the Mg (or Fe or Mn) polyhedra. 

Chem. Variable. The Mg in boracite is replaced by Fe (<36%), 

while ericaite contains Mg (<6.7%) and Mn (<2.3%), and chambersite con¬ 

tains Fe (s 2%). 

Var. Fe-boracite, Mg-ericaite, Mn-ericaite, Fe-chambersite. 

Boracite 

Eri coite 

Chombersi te 
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Fig. 213. Structures of metaborite and kotoite: a) bonds in metaborite framework, 

b) general view of packing in kotoite. 

2. RHODIZITE GROUP. Cubic, — P43m, Z = 1 

a p H 

Rhodizite Cs{AI4 (LiBe3Bj2) Ojg} ro 7,32 3.4 8 

Str. Subframework (Buerger, 1966 [839]), with A1 in sixfold co¬ 

ordination forming isolated A^Ojg groups, which are linked by Li, Be, 

and B in fourfold coordination. The Cs atoms lie in large holes. The 

mean interatomic distances are: Cs—Oi2 = 3.24; Al—Og = 1.91: Be—©4 = 
1.63; B-O4 = 1.48(2) and 1.50(2)[1147]. 

Chem. Composition very variable(Palache et al., 1944 [140]; Frondel 

and Ito, 1965 [840]). Cs is replaced by K, Rb, and Na to a considerable extent. 

The Li content varies from 7.2% to 0.7%. The Be and B contents also vary 
substantially, probably from replacement of Li. 

Phys. Imperfect cleavage on (111). 

3. METABORITE GROUP. Cubic, — P43n, Z = 24 

a p H 
Metaborite H[B0.4(| 8-89 2.47 5,5 

Sir. The proton makes this structure very unusual. The BO4 tetra- 

hedra are linked by common vertices into a framework, but the H atoms 

lie between the nearest O atoms of adjacent tetrahedra to balance the 

valencies, so oxygen has CN == 3 (two Si + one H) (Fig. 213a). The proton 

does not lie half-way between the two O atoms (0-0 = 2.49) but at dis¬ 

tances of 1.06 and 1.13, so the B-0 distances in each tetrahedron differ 

in pairs, being on average 1.45 and 1.49 (Zachariasen, 1963 [265]). 

Chem. Composition constant. Observed in halite (Lobanova and 
Avrova, 1964 [266]). 

Phys. Isometric, imperfect cleavage on (100). 
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Subclass 2. Insular 

DIVISION A. WITH SIMPLE [BO4] OR [BO3] RADICALS 

Subdivision 1. Without Water or Additional Anions 

I. With [BO4] Radical 

1. BEHIERITE GROUP. Tetr., Dll — Milamd, Z = 4 

a c p H 
Behierite La [BO4] 6.21 5.47 7.9 7,5 8 

(tanborite) 

Sir. Zircon type, CN = 8/4 (Fig. 166). 

Chem. Composition known from x-ray spectra; about 5% of Ta re¬ 

placed by Nb [269]. 

Phys. Isometric, pseudooctahedral, moderate cleavage on (110) and 

(010). 

2. SINHALITE GROUP. Orth., dH — Pnma, Z = 4 

a b c pH 
Sinhalite (magalborite) MgAl [BO4] 4.33 9,88 5,67 3,5 7 7.5 

Str. Isostructural with olivine and chrysoberyl (Figs. 103 and 

169a). Mg and A1 have CN = 6, while B forms a slightly distorted tetra¬ 

hedron. Interatomic distances: Mg-Og = 2.12 (2), 204 (3), and 2.21; 

Al-Og = 1.85 (2), 1.88 (2), 1.97 (2); B-O4 = 1.46 (3) and 1.58 (Fang and 

Newnham, 1965 [841]). 

Chem. Mg and A1 partly replaced by Fe^^ and Fe3+. 

Phys. Isometric , cleavage imperfect. 

II. With [BOs] Radical 

1. NORDENSKIOLDINE GROUP. Trig., — R3, Z= 1; 3 

‘^h P ^ 

Nordenskioldine CaSniBOgh 6,01 47°42' 4,86 15.95 4.2 6-6.5 

Str. Isostructural with dolomite (Fig. 58); Ca and Sn have CN 6. 

Phys. Thick plates, perfect (0001) cleavage. 
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2. KOTOITE GROUP. Orth., — Pnnm, Z = 2 

a ii c p H 

Kotoite Mg3[BOs|.^ 4.51 8.42 .5.40 3.1 6.5 
Jimboite Mn3(B03j.2 4.66 8.74 5.67 4.0 6 

Str. Generally similar to that of olivine (Figs. 169a and 213b), 

with almost regular BO3 triangles and MgOg octahedra; mean distances 

in kotoite Mgj—Og = 2.03 and Mg2 — Og = 2.09, B —O3 = 1.38; in jimboite 

Mni—Og =2.12, JV[n2—Og =2.22, B—O3 = 1.44 (Sadanaga, 1948 [271]; Sada- 

naga et al., 1965 [842]). 

Chem. Kotoite contains a little Fe (<2.1%); jimboite has Mn re¬ 

placed isomorphously by Mg (<3.3%) and Fe (<1.6%). 

Phys. Isometric crystals (granular masses), perfect cleavage on 

(Oil), parting on (101). 

Subdivision 2. With Additional 0 or OH and Additional Radicals 

I. With [BO^] Radical 

None 

//. With [BOi] Radical 

1. JEREMEJEVITE GROUP. Hex., c';, — PGs/m, Z = 2 

a c p H 

Jeremejevite [BO3(OH)3 8.56 8.18 3.3 7—7.5 

Str. A1(0, OH)g octahedra placed on horizontal edges, which serve 

to link them along the c axis into pairs (Fig. 214b). The inclined edges of 

Fig. 214. Structureof jeremejevite: a) projection on (001), the circles being boron atoms 

in triangles lying in plane of drawing and normal to it, b) and c) vertical projections. 
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these pairs join them into zigzag chains (Fig. 214c), which are linked to¬ 

gether via common OH vertices and via BO3 radicals. There are two 

types of through hole, hexagonal and trigonal (Fig. 214a); the first con¬ 

tain the BO3 triangles, which are vertical (parallel to a side of the hexagon), 

while the second contain BO3 triangles lying horizontally (ratio of ver¬ 

tical to horizontal triangles 3:2). Interatomic distances: Al—O = 1.90; 

Al—OH = 1.79; B—O3 = 1.38 (Golovastikov et al., 1956 [272]). 

Chem. Al partly (<4%) replaced by Fe. 

Phys. Columnar, parting on (0001). 

Warwi ckite 

MgaTi [BO.kOa 

Ludwigite 

(Mg, Fe)2 Fe3+[BO3] O2 

Orthopinakiol ite 

MggMnMn^"'' [6031204 

Pinakiolite 

MgjMnMn^^ [B03]n04 
Hulsite 

FeaFe^+Sn [BO3I2O3OH 

Azoproite 

Mg,F4 + Ti^B03]403 

Str. All are s 

2. LUDWIGITE GROUP. Orth.-^ mon. 

s. 9- a b c z P H 

L>-ih — ■ Pnma 9.20 3,01 9.45 2 3.3 6.5 

D\h- Pcma 9,23—9.44 3.02—3,07 12.16—12.28 4 3,6—4,7 0—5.5 

Dll- - Pnnm 18.45 6,07 12.70 8 3,9 0 

Clk - - P2i/m 5,36 5,98 12.73 
P = 120°34' 

2 3.9 6 

cl- P2 10.68 3.10 5.44 
P = 94°09' 

1 4.5 (6) 

D\h- -Pcma 9.26 .3.10 12.25 1 .3.6 6 

imilar (Fig . 215, a -f)- Mg, Ti, Fe^"^, and Mn^'*' has 

into columns along the b axis (parameter 3.01-3.05) and at an angle to 

the c axis, and also via common vertices. Warwickite and ludwigite have 

fourfold and five fold columns, while pinakiolite has infinite ones, as in 

seidozerite (Fig. 178). The tirgonal channels between the octahedra con¬ 

tain the BO3 triangles, which bind the structure together. All BO3 tri¬ 

angles lie in the (OlO) plane with one side strictly parallel to the c axis 

(which corresponds to the needle habit). The corresponding interatomic 

distances vary somewhat. The BO3 triangles are rather distorted, which 

points to stress in the structure. The mean distances for warwickite, 

ludwigite, and pinakiolite respectively are: B-O3 = 1.37, 1.43, and 1.41; 

Mg-Og = 2.08, 2.08, and 2.04; Fe^^-Og =2.10; Mn^^-Qg =2.08 (Takeuchi 

et al., 1950 [843]). 

Chem. Variable; perfect Mg-Fe isomorphism in ludwigite, so we 

have the subspecies magnesioludwigite and ferroludwigite. In addition, 

the Fe3+ in ludwigite is replaced by Al (<11%), while Mg in warwickite 

is replaced by Fe^+ (<9%) and Ti by Fe^”^ (4.8%) and Al (3%). The Mn 
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Fig. 215. Structure of a) warwickite, b) ludwigite, c) pinakiolite in projection on (010); the 

same structures in polyhedral representation: d) warwickite, e) ludwigite, f) pinakiolite.’ 

in orthopinakiolite is replaced by Fe^"*" (10.5%) and the Mn^'^ by Ca and Pb 

(<1.3%). Pinakiolite shows similar but more restricted replacement. Azo- 

proite shows essential isomorphism between Mg, Fe^"^ and Ti [1307). 

Var. Al-magnesioludwigite, Fe^'^-warwickite, Fe^+-warwickite. 

Phys. Columnar, platy, acicular to fibrous; warwickite has per¬ 

fect (100) cleavage, but none is observed in ludwigite; orthopinakiolite 

has perfect (001) cleavage. 

3. JOHACHIDOLITE GROUP. Orth. (?) 

a b c p H 
Johachidolife NajCajAl^ (BO,), (OH; F)^ — — - 3.4 6.5—7 

Sir. Not known. The formula Na2Ca3Al4lB205)2.5(OH;F)iol 1322] is also 

possible. 

Phys. Isometric (and platy?). 
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4. HAMBERGITE GROUP. Orth. - Z= 4 ;1 

Hambergite BealBOg] OH 

a 

— Pbca 9.75 in 

b 

12.20 

c p 

4.43 2.36. 

H 

6 5—7 

Berborite BejLsoJOH-HjO pj—P321(?) 4.43 5.33 2.20 (3.5-4) 

Fig. 216. Structure of hambergite in 

polyhedra. 

Str. Subframework; BeOgOH 

tetrahedra and BOg triangles are joined 

by common vertices, with each O atom 

in a BOg triangle common to two 

BeOgOH tetrahedra, while two adjacent 

Be tetrahedra are linked via common 

OH (Fig. 216), Interatomic distances: 

B —Og = 1.36, 1,37, and 1.37; Bej — 

OgOH = 1.63, 1.67, 1.62, and 1.62; Be^j- 

OgOH = 1.64, 1.61, 1.64, and 1.63. The 

hydroxyl is split by the Be into H —O 

and lies between two adjacent O at 

distances of 0.93 and 2.04 (Zacharia- 

sen et a., 1963 [844]), 

Var. F-hambergite (<6% F), F-berborite [1308]. 

Phys. Columnar, perfect (010) cleavage, (100) moderate. Berborite 

has perfect (0001) cleavage. 

5. FLUOBORITE GROUP. Hex., Cj;, — P&i/m, Z= 2 

Fluoborite 

a c pH 

Mg3 [BO3] (OH, F)3 9.06—8.86 3.06—3.13 2.85—2.98 4 

Fig. 217. Structure of fluoborite: a) basal projection, b) disposition and 

links of Mg octahedra. 
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Str. Rings of six Mg03(0H, F)3 octahedra in the (0001) plane linked 

byO—OH edges to form hexagonal tubes along the c axis (Fig. 217a). The 

tubes adjoin on 0—0 edges to adjacent octahedra (Fig, 217b) to leave tri¬ 

angular channels, in which the BO3 triangles lie parallel to (0001) (the O 

atoms in BO3 are common also to two octahedra). Interatomic distances: 

B-O3 = 1.50 (3); Mg-03(OH, F), = 1.99 (2) and 2.33, 2.03 and 2.33 (2) 

(Takeuchi, 1950 [845]). 

Chem. Perfect OH—F isomorphism, so we have the subspecies 

hydroxylfluoborite and fluorfluoborite. Mg is replaced to a small extent 

by Zn, Mn, and Fe. 

Phys. Needles (on c axis). Imperfect (0001) cleavage. 

6. GAUDEFROYITE GROUP. Hex. ^ mon., Z = 2 

S.g a b c p H 

Gaudefroyite Ca4Mn3 [BO31, [CO3) O3 Ceft — P63/OT (?) 10.6 — 5.90 3,3 6.5—6,75 

Str. In gaudefroyite BO3 and CO3 triangles are combined with Ca and 

Mn polyhedra, forming typical insular structure [1310]. 

Chem. Composition is constant, but some Mn^"^ is oxidized to Mn^"*" 

[1311|. 

Phys. Gaudefroyite columnar, moderate cleavage on prism. 

Subdivision 3. With Additional Radicals and H^O Molecules 

/. With Radicnl 

1. CAHNITE GROUP. Tetr., — /4, Z = 2 

a c pH 

Cahnite Caj f AsOjI [B (O!Oj | 7.11 6.20 3.2 3,5 

Sir. Formally identical with that of zircon, with As and B in place 

of Si and Ca in place of Zr (Fig. 218a); but the hydroxyl-hydrogen bonds 

make it better to consider the structure as derived from that of KH2ASO4. 

Interatomic distances: AS-O4 = 1.68; B-(OH)4 = 1.47; Ca-Og - 2.14 (4) 
and 2.54 (4) (Prewitt and Buerger, 1961 [846]). 

Chem. Composition constant, Ca partly replaced by Pb and Zn. 

Phys. Isometric, perfect cleavage on (110). 
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2. FROLOVITE GROUP. Tricl., C) ~Pl, Z = 2 

a h c p H Cl. 

Frolovite Ca[B(OH)4]2 7.80 5.70 7.95 2,14 3,5-4 None (?) 
a==71°30' 8=:101'>30' 7 = 72° 

Pentahydroborite Ca (H2O) | B (OH)4]2 7.90 6.62 8.09 2.00 3 None (?') 

(calchydroborite) a= 68°3U' /3=111° y = 74° 

Str. Not known; formulas written from a detailed study of Ca(H20)2 ’ 

[B(0H)4]2 (Kravchenko, 1964 [275]). Parameters of frolovite identical with 

those of /3-Ca[B(OH)4]2 (Zeigan, 1966 [847]). 

Phys. Morphology not adequately studied (Petrova, 1957 [273]; 

Malmko, 1961 [274]); frolovite from Siberia forms fibrous and foliated 

aggregates (Lisitsyn et al., 1965 [848]). 

II. With or [BO,OHy~ Radicals 

1. WIGHTMANITE GROUP. Tricl. (pseudohex.), cj — P\, Z = I 

Wightmanite 

(Maghyd roxy bo ri te) 

a b c p H 

MgNH.OzlBOglalOHlia 11,73 11,44 3.09 2,60 5,5 
c = 96°09' 11 = 97°45' -, = 105°52' 

Str. Not known. 

Phys. Columnar, perfect (010) cleavage, moderate (100). 

2. SEAMANITE GROUP, orth.-^cubic, Z 4 

Seamanite Mn3 (H20)3 (BO3 ] [PO4I D^h-Pbrim 7.85 15,17 6.72 3,1 4 

Sakhaite Ca,2Mg4(H20)[BOJvIcoJnOH)^ Cl 0\—Fm3m(?) 14.64 - - 2.80 5-5.5 

Str. Not known, but sakhaite is very similar to harkerite in structure 

[1312]. 

Chem. Composition constant; Mn replaced to a small extent by Ca, 

Mg, and Fe. 

Phys. Seamanite columnar, moderate (001) cleavage. Sakhaite 

isometric (octahedra), no cleavage (Ostrovskaya et al., 1966 [849]). 

3. SULFOBORITE GROUP. Orth., 0^ — Pcmn, Z = 4 

a b c /O H 
Mga (H20)4|B020H]2|S04J 7.79 12.54 10.14 2,44 4-4,5 Su Ifobori te 
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Str. Not known. Thermal analysis (Braitsch, 1961 [850]) indicates 

BO2OH as the probable structure of the radical. According to the infrared 

absorption spectra data, B has fourfold coordination and the formula is: 

Mggl B(0H)4]2 [SO4) (0H)2 11139 U 

Chem. Composition constant. 

Phys. Columnar to thick plates, perfect (110) cleavage, moderate 
(001). 

DIVISION B. WITH [B,(0,011 DOUBLE R.ADICALS 

Subdivision 1. Without Water and Additional Anions 

I. With [BjOj]'* Radical 

1. SUANITE GROUP. Mon.-^orth., Z = 4 

S.g. a b c pH 

Suanite Mga [B.Os] Cj/, — P2i/a 12.10 3 12 9..36 104=20' z 91 6 

Kurchatovite Ca^Mg;Mnlep;P2,2,2 11.15 36.4 .5.55 — 3.03 5 

Str. Suanite has MgOg octahedra linked via common edges into 

chains along b axis, which are cross-linked by B2O5 radicals (Fig. 218a); 

the six O atoms of the Mg octahedron belong simultaneously to five BgOg 
radicals (Takeuchi, 1952 [277]). 

Chem. Mg in suanite partly replaced by Ca (<5%), in kurchatovite 
by Fe (1.5%). 

Fig. 218. Structure of; a) cahnite in projection on fOOl), b) suanite in projection on (010). 
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Phys. Acicular and fibrous (on b axis), no cleavage in suanite, per¬ 

fect cleavage perpendicular to length in kurchatovite [1119], 

Subdivision 2. With Additional OH Anions 

/. W ith Radical (Paired BO(OH) ^ Tetrahedra) 

1. PINNOITE GROUP. Tetr., — P4a or q,,—P4.,/m, Z = 4 

a c p ^ 
Pinnoite Mg [B.,0 (OH)el 7,62 8.19 2,27 3.75 

Str. The elements are paired BO(OH)3 tetrahedra and Mg(OH)g 

octahedra, the OH groups being common to the Mg and B polyhedra. 

Octahedra joined to tetrahedra extend along the c axis and form 

a tubular backbone. Interatomic distances: Mg—(OH)g = 2.06 (2), 2.04 (2), 

and 2.12 (2); B-0(0H)3 = 1.46, lo54, 1.42, and 1.56 (Baton and McDonald, 

1957 [278]). Krogh-Moe (1967 [851]) gives space group C4h-P42/n. 

Chem. Composition constant. 

Phys. Colm-nnar to acicular and fibrous, no cleavage. 

2. NIFONTOVITE GROUP. Mon. 

a b c ^ p H Cl. 
Nifontovite Ca [B2O (OH)6] (?) 13.09 9.49 13.53 119°30' 2,36 3,5—4 Imperf. in 1 dir. 

Str. Not known; formula needs fresh data (Malinko and Lisitsyn, 

1961 [280]). 

II. W ith [B^Os] ' Radical 

1. WISERITE GROUP. Tetr., s.g. not det., Z = 4 

Wiserite Mn4 [B^O.,] (OH)4 14.30 3,32 3A (5) 

Str. Not Icnown. 

Chem. Mn replaced by Ca (3.2%) and Mg (3.0%). OH replaced by 

Cl (3%). 

Phys. Acicular to fibrous (on c axis), perfect cleavage perpendic¬ 

ular to length. 
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III. With Radical fPaired BOj and BOjOH Triangles) 

1. SZAIBELYITE GROUP. Mon., cltr — P2Jc, Z=4 

a b c p H 
Szaibelyite Mg2[B2040Hl OH 12.50 10.42 3.14 95°40' 2.62 5-5.5 
Sussexife Mnj [B2040Hj OH 12.77 10.70 3.25 ? 3.3 4,5—5 

Str. Known for szaibelyite; paired BO3 triangles (as in suanite), 

but with one O replaced by OHo Mg has an octahedral environment of O 

and OH; the Mg(0, OH)0 octahedra are joined via common edges into col¬ 

umns along the c axis, and these are linked via the B radicals (Peng 

Chih-chung, Wu Ch'eng-yiie, and Chang P’i-hsing, 1963 [279]). 

Chem. Variable, Mn replaced to a considerable extent by Mg (up to 

Mg:Mn = 2.2:1), but with considerable gap in the Mg region (Palache et al., 1951 

[154]), so these species cannot be combined into one. Then Mg in szaibelyite is 

replaced by Mn (<23„5%) and Fe (<1.5%), while Mn in sussexite is re¬ 

placed by Mg (<16.3%), Zn (<3.9%), and Ca (<2%). 

Var. Mn-szaibelyite. Mg-sussexite, Zn-sussexite, Ca-sussexite. 

Phys. Columnar, acicular, elongated on c axis; (110) cleavage per¬ 

fect, (100), (010), and (001) Imperfect. Hardness of fibrous szaibelyite 
3.5-4; hardness of individual crystals about 5.5. 

2. ROWEITE GROUP. Orth., s.g. not (let., Z = 4 

r 1 a b c p H 
Roweite CaMnlB20.,0H10H 8.29 9.03 6.63 2.92 4,5—5 
Sibirskite Ca2 [B2O4OH] OH — — — (2.7) (4.5) 

Str. Not known; formulas written by analogy with szajbelyite. 

Chem. Mn in roweite replaced by Zn (<3.2%) and Mg (<1.7%); 
sibirskite contains a little Mg (?) [281]. 

Phys. Roweite forms laths (elongated on c axis), (101) cleavage 
imperfect. Sibirskite not examined. 

IV. W ith ^ and [B^Os(Oil) RadiraLs 

((rfoiifts of B{0,OII)i Tetrahedra) 

1. URALRORITE GROUP. Mon. 

P H 

2.60 4 

2.77 (4.5 — 5) 

Urolborite Ca[B202(OH)4 —P2/n 6.92 12.35 

Borcarite Ca^Mg ( B203(0H)31^(CO31^ C^/, —C2/m 17.81 8.36 

c P Z 

9.80 83° 8 

4.46 102° 2 
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Str. In uraltaorite B(0,OH) tetrahedra are connected by O vertices 

in B404(0H)8 groups, which are joined with Ca polyhedra (CN = 8), forming 

layers. The interatomic distances: B —(0,0H)4 = 1.41-1.51; Ca —(0,0H)8 = 

2.38-2.68 (Shashkin et al., 1969 [1133]). In borcarite the B atoms in four¬ 

fold coordination give rings of B4Oe(OH)0 composition which are connected 

with Mg octahedra, Ca polyhedra (CN = 7), and CO3 triangles. The inter¬ 

atomic distances: Ca-(0,0H)7 = 2.36-2.51; Mg-Og = 1.99(2), 2.11(4); B- 

(0,0H)4 = 1.48; C—O3 = 1.27 and 1.29(2) (Bakakin and Solov’eva, 1968 [1134]). 

Cliem. Composition constant. 

Pliys. Uralborite without cleavage; perfect (100) and (110) cleavage 

in borcarite. 

Subdivision 3. With Additional Radicals and H^O Molecules 

I. W ith ~ Radical 

1. CARBOBORITE GROUP. Mon., s.g. not det., Z = 4 

a b c 3 p H 

Carboborite CajMg (HjOiio (B2O5] [COg} 11.32 6.68 18.59 89° 2.12 2 

Str. Not known. 

Chem. Composition constant, Ca replaced by Na (0.3%) [1391]. 

Phys. Isometric, no cleavage. 

II. W ith [B^O(OHJ,J Radical (Paired BOfOH), Triangles) 

1. LUNEBURGITE GROUP. Mon. (pseudohex.), C2/, — A2/m or — 42, Z = 2 

a b c P pH 

Luneburgite Mg3 [P04h [B2O (OH)J 9.81 7,62 10,10 97°24' 2.05 - 

Str. Not known; the [B02(OH)4] radical requires confirmation 

(Braitsch, 1961 [850]). According to the infrared absorption spectra data, 

the formula Mg3(H20)5[B2 0(0H)g] [P20y] [1135] is possible. 

Chem. Composition constant; traces of Ca and F. 

Phys. Platy to tabular, imperfect cleavage on (011) and (011). 
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DIVISION C. WITH COMPLEX [B,„B,.Opi OH) J RADICALS 

7. With [BjBOjf OH J Radical (2\Z\andll\) 

1. INOERITE GROUP. Mon., X = 4 

'"'*Mg(’H.,0)5[B2B0.,(0H)5] 
Inderborite 

CaMg(H20)6(B2B03(OH)5l2 

'"ca (H20)4 [B2BO3 (0H)6] 

Str. Studied as follows: inderite (Rumanova and Ashirov, 1963 

[260]), inyoite (Clark, 1959 [852]), and inderborite (Kurkutova et al., 

1965 [853]). Complex radicals consisting of two B02(OH)2 tetrahedra and 

one BO2OH triangle (Fig. 5If), which are linked via Mg or Ca and hy¬ 

droxyl-hydrogen bonds (d = 2.61-2.96). The Mg in inderite is surrounded 

by two OH and four H2O, with additional buffer water (Fig. 219). Mg has 

four OH and two H2O in inderborite, while Ca has CN = 8 (Thomson cube 

with pseudosquare ends), the vertices being two O + four OH + two H2O. 

Columns parallel to the c axis consist of alternating Mg octahedra and 

Ca polyhedra linked by insular [B2B03(OH)5]2- radicals (Fig. 220a). To 

both sides of each column project B triangles, whose free OH vertices 

link to Ca polyhedra in adjacent columns to form a layer parallel to (100) 

(Fig. 220b). These layers are linked along the a axis only by hydroxyl- 

hydrogen bonds and via buffer water molecules (Fig. 220a). The Ca in 

Mg. 219. Structure of inderite in projection on (001), buffer water 

shown by open circles. 

S.g a h 

'-2/j “ P2da 12.12 13.18 

'^2h - C2lc 12.15 7.46 

^2/1 
P2ja 10.63 12.06 

c P P H 

6.83 104°49' 1.80 3.5 

19.05 90°45' 1.93 3—3.5 

8.41 11 4=02' 1.88 2.5—3 
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Fig. 220. Structure of inderborite: a) projection on fOlO) showing mode of linking of poly- 

hedra into columns, b) projection on (100) showing layer of polyhedra, the columns being 

linked together by BO3 triangles. Circles show the buffer water molecules. 

inyoite has two O + three OH + three H2O. Mean interatomic distances 

in inderite: B-O2OH = 1.37; B-02(OH)2 = 1.48; Mg-(OH)2(H20)4 = 2.08; 

in inderborite: B—O2OH = 1.38; B—02(OH)2 = 1.475; Mg—(0H)4(H20)2 = 

2.06; Ca-(0, OH, H20)8 = 2.53; in inyoite: B-02(OH)2 = 1‘.47; Ca-(0, OH, 

H20)8 = 2.47. 

Phys. Nearly isometric (short columns to thick plates). Inderite 

has imperfect (010) cleavage; inderborite has perfect (100) cleavage, 

and inyoite has perfect (001). 

2. KURNAKOVITE GROUP. Tricl., C). — Pi, Z 2 

a b c p H 

Me (H..0)5 IBaBO, (OHjsi 8.14 10,47 0,33 1,86 3,5 
a = 06-56,5' j3 = =106'28' 7 = 100“ 03' 

Ca (H.2O) IB0BO3 (OHlr,] 0,01 8,35 6.49 2,12 3 
a = 90° 41' i3=101°5r 7 = 86-° 44 

Str. The radical is as above, consisting of two B02(OH)2 tetrahedra 

and a BO2OH triangle. Meyerhofferite has been studied in detail (Christ 

and Clark, 1956 [854]); Ca has CN = 7 (six O and one OH). Mean interatomic 

distances; B—O2OH = 1.38; B—02(OH)2 = 1.49; Ca—O0H2O - 2.40. Hy¬ 

droxyl-hydrogen bonds link these radicals into pseudochains along the c 

axis. Kurnakovite as a dimorph of inderite differs from the latter in the 

arrangement of identical B(0,OH) radicals [1313]. 

Kurnakovite 

Meyerhofferite 
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Phys. Colamnar to platy, flattened on (100) and elongated along the 

c axis. Perfect cleavage on (010) and (llo) in kurnakovite, on (010) in 

meyerhofferite. 

II. With [B2B20s(0IIJRadical (2[71 and 2[\) 

1. HALURGITE GROUP. Mon.^trirl. 

S.g a b c Z p H 

Halurgite (magnohydroborite) Ci, —P2/c 1.3,25 7.60 13.20 4 2.19 3—3.5 
Mg2 (H2O) [B2B2O5 (011)4)2 0 _ 92^09' 

Haungchaoite Not det. —   — _ \J2 2 2.5 
(^IzO)? [B2B2O5 (011)4] 

Str. Not known. Parameters of halurgite from Kondrat’eva (1964) 
[855]. 

Chem. Composition constant (Lobanova, 1962 [856]). 

Phys. Halurgite is platy, cleavage not observed. Huangchaoite has 
not been examined [1392]. 

2. BORAX GROUP. Trig.—^mon. 

S.g. a b c Z p H 
Tincolconite Na2 (H20)3 (B2B2O5 (OH)4j d’— P32 11.3 — 20,9 9 1.88 (3) 

Borax (notrohydroborite) Naj (HaOls [B2B2O., (011)4) — C2/c 11.84 10.03 12.32 4 172 2,5 — 

3 106^ 35' 

Str. Fully known for borax (Morimoto, 1956 [258]). The radical 

consists of two BO3OH tetrahedra and two BO2OH triangles (Fig. 51g); 

Fig. 221. Structure of borax in two projections with the c axis vertical; a) on (010), b) on 

(100). The insular 1828505(011)4] complexes are seen. 
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these radicals are linked via hydroxyl-hydrogen bonds to Na, which has 

sixfold coordination to H2O molecules (Fig. 221, a and b). These Na(H2O)0 

octahedra are linked via common edges into slightly zigzag columns 

along the c axis. Mean interatomic distances: Na —(H2O)0 = 2.36; B—O3OH 

1.48; B-O^OH = 1.36 (SR XI, 431) [553). 

Phys. Nearly isometric; borax has perfect (100) and (110) cleavage. 

III. With [B,B,Oe(OH),y~ Badical [20 and3/\) 

1. BIRINGUCCITE GROUP. Mon. 

a b c p H 

Biringuccite Nao [ BoBgOfj (OH).-;] (?) — — —- — —' 
Nasinite Nag (H2O) [B^BsOe (OH)^] —. — 

Str. Not known,formulas require verification. Synthesized (Ci¬ 

priani, 1959 [857]). 

Phys. Tabular on (001), physical properties not studied. 

IV. W ith [BBPJOH) .J' Radical (J0 and 4A) 

1. LARDERELLITE GROUP. Mon. ^orth. 

Larderel I ite 

Ammon ioborite 

Sborgi te 

Santi te 

Str. Larderellite and the other minerals of this group are close to 

the structure of synthetic K(H20)2!BB4O0(OH)4] (Zachariasen, 1938 [282]), in 

which the basic unit is a complex radical consisting of a BO4 tetrahedron 

and four BO2OH triangles (Fig. 51h). The interatomic distances in larderel¬ 

lite: NH4-(0,OH)4o = 2.86-3.35; B-(0,OH)4 = 1.45-1.50; B-(0,OH)3 = 1.33- 

1.41 [1309]. 

Phys. Tabular, cleavage in two directions. 

S.g. a b c P Z P H 

NH4 [BB4O6 (0H)4] cy - P2da 11,65 7,63 9,47 97° 05' 4 1,91 — 

NH4 (H.2O) [BB4O6 (0H)4! C^;, - C2/C 25,27 9,65 11.56 94° 17' 12 1,77 — 

Na(H20)3[BB406(0H)J Cy~C2/c 11.10 16.35 13.59 113° 10' 4 1,71 2.5 

K(H20)JbBP6(OH)J C\l—Aba2 11.10 11.18 9.08 — 4 1.74 3 
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V. Jf'ith Complex (Heterogeneous) Radicals 

1. GINORITE GROUP. Mon., — P2i/a, Z = 4 

a b c ^ p H 

Ginorite Ca., (H./))., (B4OS (OH>41 (B,0„ (OH)4l2 12.74 14.,36 12.82 I 00° 46' 2.09 3.75 

Strontium ginorite Sr, (H20)2 (B4O5 (OH)4l IBsO, (OHIiU 12.85 14.48 12.85 101° ,35' 2.25 3.5 

Str. Not known, formulas doubtful (Christ, 1960 [254]; Tennyson, 1963 

[257]). New data has SrCa(H20)5[BgB802o(OH)g] for strontium ginorite [1393]. 

Chem. Ca in ginorite replaced by Sr (< 1.1%); strontium ginorite 

has about l/3 Ca (Braitsch, 1959 [85 8]). 

Phys. Thick tablets, perfect cleavage on (010) and (001). 

Subclass 3. Chain 

DIVISION A. WITH SIMPLE CHAINS 

/. W ith [B,0,(OH),y^- Chains (of B(0,OH),Tetrahedra) 

1. VIMSITE GROUP. Mon., C%-~C2/c, Z=4 

a b c (3 p H 

Vimsite Ca [BaOa (OH)jIci 10.02 9.71 4.44 92° 2.54 (3.5—4) 

Str. The chains of B(0,OH) tetrahedra are closely bound with col¬ 
umns consisting of slightly distorted cubes of CaOg joined at the edges; 

both run along the c axis. The mean interatomic distances: Ca —(0,OH)8 = 

2.54; B-(0,0H)4= 1.48 (Shashkin et al., 1968 [1314]). 

Crystals elongated along c axis, cleavage on (100) perfect. 

II. W ith Chains (of BOj Triangles) 

1. CALCIBORITE GROUP. Onh., oj,] — Pbcn. Z = 4 :8 

a b c p H 

Ca[B204l(i 6,21 11.60 4.29 2.70 3,5—4,5 

Ca[BB04|ci 8.38 1,3.87 5.01 2.88 (4.,S—5) 

Sir. Calciborite-1 consists of [B2O4IJ0 chains along the c axis (Fig. 

222), which are linked by Ca atoms in irregular CaOg polyhedra. Inter¬ 

atomic distances: B-O3 = 1.33, 1.39, and 1.40; Ca-Og = 2.35 (2), 2.40 (2), 

Phys. 

Calciborite*! 

Calciborite*ll 
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Fig. 222. Structure of calciborite in 

projection on (lOO). 

2.55 (2), and 2.73 (2) (Marezio, Pletting- 

er, and Zachariasen, 1963 [874]) for syn¬ 

thetic Ca[B204l. Calciborite-II (known in 

nature as a mineral) contains more com¬ 

plex chains of B polyhedra. These chains 

consist of BO4 tetrahedra and BO3 trian¬ 

gles; the latter join by vertices with the 

former, Ca atoms in eightfold coordina¬ 

tion fasten these chains together. The 

mean interatomic distances: Ca —Og = 

2,44; B-O4 = 1.49; B-O3 = 1,39 [1315]. 

Chem. Calciborite-I is of constant 

composition, 

Phys. Calciborite-II is columnar 

to acicular, with perfect cleavage. 

DIVISION B. WITH COMPLEX CHAINS 

I. With [B,BO^(OH),y^- Chains (20 and lA) 

1. HYDROBORACITE GROUP. Mon.,, P2/c, Z=2 

a fe c P pH 

Hydroboracite CaAjg (HaO),,) B2BO4 (OHjgh 1171 6.69 8.20 102M0' 2.17 3.5-4.5 

Str. [B2B04(OH)3]io chains along c axis consisting of three types 

of links (two B tetrahedra and one B triangle, Fig. 223). Each chain has 

on one side Mg atoms with CN = 6, which are linked via vertices into chains 

Fig. 223. Structure of hydroboracite in 

projection on (OlO). 
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parallel to the c axis, and on the other side Ca atoms with k = 8, which 

link the entire structure together (Rumanova and Ashirov, 1963 [260]). Mean 

interatomic distances: B-(0, OH)4 = 1.48; B-O3 = 1.38; Mg-(OH)2(H20)4 = 
2.09; Ca-04(011)4 =2.45. 

Phys. Needles to fibers (on c axis), perfect (010) and (100) cleavage. 

2. COLEMANITE GROUP. Mon., — P2i/a, Z = 4 

a f pH 

Colemonite Ca (H.O) | B2BO4 (Ollisjci 8.74 11.26 6.10 110^-07' 2.42 4.5—5 

Str. Also three-link chains con¬ 

sisting of two B tetrahedra and one B 

triangle, but with a different coupling 

of the links (Fig. 52, b and c), andwith 

the chains running along the a axis 

(Fig. 224). The Ca atoms and buffer 

H2O molecules link the chains together. 

Ca is surrounded by three (or four) O, 

three OH, and one H2O. Mean inter¬ 

atomic distances: B-(O, OH)4 = 1.48; 

B-Og = 1.37; Ca-(0, OH)6HEO = 2.45 

(Christ et al., 1958 [259]). 

Phys. Short columns to isometric 

(chain pattern on the a axis), which is 
a consequence of the neutralization of the effects of the B-O chains by the 

chains of Ca polyhedra perpendicular to them. Cleavage on (010) moderate. 

II. With [BiB^Oe(OH) Chains fZQ and 2A) 

1. KERNITE GROUP. Mon., C\f,~P2/a, Z = 4 

a b c 0 pH 

Kernife Na/Hp)3[B,Bp,(OH)J 4, 15.68 9.09 7.02 108=52' 1.90 3 

Str. The chain radical, discovered by Christ (1969 [254]), was then 

confirmed by Giese (1966 [1137]) and Cialdi et al. (1967 (1138]). The 

chains, which are run along the b axis, consist of BO4 tetrahedra, bound 

at the vertices (as in the pyroxenes), while vacant vertices of neighboring 

tetrahedra are connected by BOg triangles. These complex chains are 

joined with each other by Na atoms (CN = 5) and by hydroxyl-hydrogen 

bonds. The interatomic distances are: Na-(0,OH)5 = 2.28-2.49; B-O = 
1.43-1.59; B-(0,0H)3 = 1.35-1,38 [1138]. ’ 

Fig. 224. Structure of colemanite in 

projection on (001). 
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Phys. In the cleavable aggregates with a fibrous structure; cleav¬ 

age in the monocrystals on (100) and (001) perfect. 

III. With Chains and2/\)'^ 

1. AKSAITE GROUP. Orth. mon. 

S.g. a be Z p H 

Aksaite MglHaOla IBB2O4 (OH).z]o<i — Pbea 12.54 24.32 7,48 — 8 2,29 ~3(?) 

Gowerite Ca (H20)3 [BB^O^ (OH)2l.,ci - P\la 12.93 16,40 6.58 I21°30' 4 2.00 3.5 

Ameghinite Na2(Hp)2[BB204(0H)C\h—C2/c 18.45 9.89 6.32 104°20' 4 2.03 3 

Str. Not known; formulas derived from composition, morphology, 

and cleavage. 

Phys. Columnar (on c axis), with (100) and (010) cleavages. 

2. TERUGGITE GROUP. Mon., C\j^ — P2ja, Z = 2 

a b c /3 P ^ 

Teruggite Ca^MgCHjOjBB^O^COH) J JAsO J 2=^ 15.68 19.90 6.25 100°05 2.15 3 

Str. Not known (Aristarain and Hurlbut, 1968 [1316]). 

Chem. Composition constant. 

Phys. Crystals are greatly elongated on the c axis; cleavage (110) 

perfect and (001) less so. 

IV. With [Bj,BOr(OH),V^'~ Chains (4\Zi and 1 A) 

1. TERTSCHITE GROUP. Mon. (?) 

a b c ^ p H 

Pandermite Ca-^ (H^O) [B4BO7 (OH),d ci - - - - 2.42 3.5-4 

Tertschite Caj (H20)7 [B4BO7 (OHls] cx) — — — “ ~ 

Str. Not known; formulas and patterns doubtful, derived from mor¬ 

phology and crystallochemical considerations. 

Phys. Pandermite is cryptocrystalline. Tertschite is acicular to 

fibrous (as ulexite), usually as fibrous masses. 
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V. With [B.,B20r(OH)i,y^ Chains (3\^ and 2/S) 

1. PREOBRAZHENSKITE GROUP. Orth., — Pbcn, Z = 4 

a b c p H 

Preabrazhens ki te Mg;{ (H2O) (B;,B207 (OH)4 J2 do 16.33 9.16 10.59 2.45 5 5.5 

Sir. Not kaown, formula derived from composition and morphology 

[862] . New data [1394] has Mg3[B7B404i(0H)8H02] as the formula. 

Phys. Laths (elongated on c axis and flattened on a axis), no cleav¬ 

age observed. 

2. PROBERTITE GROUP. Mon. trid., Z = 4—►2 

S.g. a b c fi p H 

Probertite NaCa (HjO), [B.BjO, (OH)4l d Cl^-P2Jn 13.43 12.57 5.59 100° 15' 2.14 3.5-4 

Ulexite NaCalHaOklB^B-iO, (OH)4lci C'.—PI 8 81 12.86 6.68 109°07' 1.96 3—3.5 

a = 90° 15' 7=105° OP' 

Fig. 225. Structure of probertite; a) and b) in projection on (001) showing respec¬ 

tively the B—O radicals and the Na and Ca polyhedra, c) projection on (100) showing 

[838207(011)4]^ chains along the c axis. 
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Str. Known for probertite (Kurbanov etal., 1963 [261]). 

[B3B207(0H)4]^ chains along c axis, links composed of three B(0, OH)4 

tetrahedra and two B(0, OH)3 triangles (Figs. 52d and 225c). Between the 

chains lie Na atoms with CN = 6 (deformed octahedra) and Ca with CN = 9, 

which are linked via common edges into groups with two Na and two Ca 

polyhedra (Fig. 225, aandb). Hydroxyl hydrogen bonds assist the ionic bonds 

in linking these groups and B —O chains into a single whole. Mean interatomic 

distances: B-(O, OH)4 = 1.47; B-(O, OH)3 = 1.37; Na-0(0H)2(H20)3 « 2.45; 

Ca —05(0H)3H20 fci 2.50. Structure of ulexite may be found in [1395]. 

Phys. Laths to needles (probertite) and fibrous (ulexite); perfect 

cleavage on (110) in probertite and on (010) and (llo) in ulexite. 

VI. With Chains (2^and3A) 

1. EZCURRITE GROUP. Tricl., c]-Pl, Z = 2 

a b c a /? Y P H 
Ezcurrite [b^BjO, (OH)3] 4, 8.60 9.57 6.58 102°45' 107°3C 71=3F 2.05 3.5—3.75 

Str. Not known; formula deduced from crystallochemical argu¬ 

ments in conjunction .with morphology and cleavage. 

Chem. Composition constant, Na replaced by K up to 0.2%. The 

synthetic product has the same composition (Hurlbut and Aristarain, 

1967 [873]). 

Phys. Columnar to acicular. Highly perfect cleavage on (110), 

perfect on (010) and (100), imperfect on (llo). 

VII. With [BsBsOs(OH)s}^’'~ Chains (3\^ and 3/\) 

1. KALIBORITE GROUP. Mon. C'-C2/c. Z = 4 

a b c /3 p H 

Kaliborite KHMgjCHpijBjBjOg (OH); L 18.53 8.43 14.67 100=13' 2.12 4-4.5 

Str. Spiral [B3B308(OH)5]io chains, the unit being composed of three 

B tetrahedra and three B triangles. These extend along the b axis (Fig. 

226a). The units lie perpendicular to the general trend of the chain and 

are linked via one oxygen atom, to which converge a B tetrahedron from 

one unit and a B triangle from the other. Mg has almost regular octa¬ 

hedral surroundings of O, OH, and H2O, while K has CN - 8 (cube slightly 

flattened along a axis). Both of these lie in holes between the spiral 

chains and link the latter together; they are also linked via H2O edges. 
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Fig. 226. Structure of kaliborite and sassolite: 

a) kaliborite in projection on (010), b) pro- 

yection of a layer of sassolite on the (001) 

pseudohexagonal basal plane. 

There is also a clear hydrogen bond with the proton half-way between 

two O atoms separated by 2.41. Interatomic distances: K—02(011)2(1120)4= 

2.91 (2); 2.92 (2); 2.95 (2); 2.98 (2); Mg-02(0H)2(H20)2 = 2.09 and 2.13; 

2.06 and 2.07; 2.05 and 2.07; B-02(0H)2 = 1.46; B-O4 = 1.47; B-(0,OH)3= 

1.36; H—O2 = 1.206 (Corazza and Sabelli, 1966 [864]). 

Phys. Isometric, perfect cleavage on (100), (001), and (lOl). 

Subclass 4. Layer 

DIVISION A. WITH LAYERS OF [BlO.OH,] TETRAHEDRA 

1. GARRELSITE GROUP. Mon., C®;, — A2/a, Z = 8 

a b c p p H 
Gorrelsite Baj (BsSiO, (OHjgJ13.43 8.45 14.61 114° 19' (4.4) (4,5) 

Str. Not known; assigned to the layer type from the analogy with 

the datolite group (Milton et al., 1955 [283]; Christ, 1959 [284]), although 
the cell parameters are substantially different. 

Chem. Much of the Ba replaced by Ca (up to 2:1). 

Phys. Data inadequate; nearly isometric habit, cleavage not ob¬ 
served . 

DIVISION B. WITH LAYERS OF [BO,] TRIANGLES 

1. SASSOLITE GROUP. Tricl. (pseudohex.), C] — P|, Z = 4 

a h c a p '( pH 

~ni 7,05 6„58 92°35' 101° 10' 119°50' 1.48 1 Sassol i te Ik fBOJ<S> 
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Str. Planar layers of B(OH)3 composition (Fig. 226b), between which 

are residual bonds (distance 3.19). B in the layer is surrounded by three 

O, while O is surrounded by two H and one B. The oxygen atoms belonging 

to different BO3 groups are joined via H atoms, which lie (Zachariasen, 

1954 [865]) at different distances in two planar adjacent bonds directed 

from each O atom; one 0—H = 0.88, the other O—H = 1.89, the 0—0 dis¬ 

tance being 2.72. 

Chem. Composition constant. 

Phys. Tabular and platy crystals, pseudohexagonal, highly perfect 

cleavage on (001). 

DIVISION C. WITH LAYERS OF [B(0,0H),] TETRAHEDRA 

AND [B(0,0H)3] triangles 

1. FABIANITE GROUP. Mon. Cl^—P2/a, Z = 4 

be /3 pH 

Fabianite Ca[B2BO5(OH)] 6,59 10,49 6,37 113°23 2,78 6,5 

The layers, consisting of BO4 tetrahedra and BO3 triangles, 

are connected with each other by Ca atoms in eightfold coordination and 

by hydrogen bonds (Erd et al., 1969 [1321]). 

Phys. Thick tablets, moderate cleavage on (110). 

2. TUNELLITE GROUP. Mon.->trig. 

S.g. a b c Z P H 

N obiei te 

CalH.OlglBaBgOs (OH)2]<|, 

- P2Ja 14,56 8,02 9,84 111° 45' 4 2.09 3.5 

Tunel 1 rte 

Sr (H20)3 [B3B3O9 (OH)2j 05 

- P2Ja 14,39 8,21 9,93 0 0
 

N
D

 

4 2,40 3 

Moca 11 i sterl te 

MglHaOjaBsBaOg (OHls) S: 
D\ci - 11,55 — 35.56 12 1.87 3 

Volkovski te 

Ca(H20)2 [B3B305,(0H)J & 

Cl — P2, 6.57 48.30 6.51 119°05' 8 2.34 (3.75) 

Ri vada vite 

Na,Mg(H30)ijB3B30,(0H)J,^ 

Cli^—P2i/m 14.78 8.01 11.13 105°57' 1 1.91 3.5 

Braitschite Not det. 12.16 — 7.38 — 1 2.90 — 

Ca,TRjB,05(0H)3],<J.( = ) 

Satimolite Not det. 12.62 18.64 6.97 — 2 1.70 — 

KNaa(H20),[B3B30,(0H)J[Al(0H)3],Cl3&. 
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Fig. 227. Structure of tunellite: a) projected on (010), showing layers parallel to 

(100), b) projected on (100), showing the tenfold corrdination of the Sr atoms. 

Str. Known for tunellite (Clark, 1964 [262]); the layer pattern is 

produced by a polyion composed of three B tetrahedra and three B tri¬ 

angles (Fig, 227b), the three tetrahedra converging on a single O atom. 

Sr has CN = 10 (six O + four H2O) and lies in a hole within the layer. Hy¬ 

droxyl-hydrogen bonds of water molecules bind the layers together (Fig. 

227a). Mean interatomic distances; Sr-O0(H2O)4 =2.74; B-O3 = 1.36; 

B—O4 = 1.47. Macallisterite has been assigned here from the composition 

(Schaller et al., 1965 [866]; Kondrat’eva et al., 1966 [867]). The so-called 

strontioborite is similar in parameters to tunellite (Lobanova and Kon- 

drat'eva, 1965 [875]). 

Pliys. Tabular, perfect cleavage on (100), but no cleavage observed 

for macallisterite. Volkovskite is platy, perfect (010) cleavage, moderate 

(001). Rivadavite is elongated on the b axis and flattened on (100); per¬ 

fect cleavage on (100) and (loi) (Hurlbut and Aristarain, 1967 [868]). Brait- 

schite forms the smallest tabular hexagonal crystals [1317]; satimolite iso¬ 

metric or tabular [1318]; cleavage not observed. 

3. HILGARDITE GROUP. Mon.—>lri(’l. 

S.g. a b c 

CaHB3B.,0«(OH)2lClcl, - Cc 6.31 11,33 11,44 

[1 = 90° 00' 
Parohilgordite <^32 (BgBaOs (OHjj) Cl ^ c| — PI 6.31 6,48 17.50 

(tri cl inohi Igardi te) 
a = 84° 00' p= 79° 86' 

Strontiohilgardite SrCa (UgB.Ma (OMj.^l C1 c| — PI 6,38 6,48 6.61 

a = 75° 24' a = 61° 12' 

Tyretskite Ca^l B3Bp,(OH) JOH A C\—PI 6.41 6.44 6.45 

a= 73°30' /3 = 6IMB' 

Heidornite NajCaj (BgBjOe (OHja) | SO4I2 Cl cc C^f,—C2/c 10.21 7.84 18.79 

a = 93° 30' 

z P H 

4 2,71 5,5 

3 2,71 5,5 

7 = = 60° 54' 

1 3.00 5.5—7 

7 = : 60° 30' 

1 2.55 (5.5) 

y= eOMS' 

4 2.75 4.5—5,5 
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Str. Not generally known, formulas doubtful, derived from gen¬ 

eral crystallochemical considerations (Christ, 1960 [254]; Tennyson, 

1963 [257]). It has recently been shown for heidornite that [B3B203(0H)2] 

layers parallel to (001) alternate with layers of Cl and SO4 anions, the 

latter being separated from the B—O layers by Ca and Na atoms, which 

have CN of 8 and? respectively. Interatomic distances: Na—OgCI = 2.53 (6) 

3.02; Ca-Og = 2.52; Ca-O^CI = 2.49 (7); 2.83; B-O4 = 1.49; B-O3 = 1.38; 

S-O4 = 1.48 (Burziaff, 1967 [869]). 

Clieni. In tyretskite Ca is replaced by Sr (:2 2%), and OH by Cl (:=1.5%) 

(Kondrat'eva, 1969 [1319]; Davies and Machin, 1968 [1320]). 

Phys. The hilgardites are tabular, perfect (010) and (001) cleavage. 

Heidornite occurs as wedge-shaped forms with perfect (001) cleavage. 

1. VEATCHITE GROUP. Mon. Z == 4; 2 

S, g, d b ^ 

Veatchite C^-Aa 20.81 11.74 6.64 

Sr/H20)[B2B308(0H)]2[B(0H)J 4 

Pa ra veatch i te Cj—P2, 6.70 20.80 6.60 

Sr/H.OlB^BjO/OH)], [6(0^3] & 

Str. The layers stretching perpendicular to the b axis consist of 

two nets of BO4 tetrahedra and BO3 triangles (their ratio is 2:3), which 

give the general formula of each net [BgBgOgOH]. Inside the layer these 

nets are joined by bound BC^OH triangles, by free B(OH)3 triangles, and 

by H2O molecules. Between layers the bonds are caused by Sr atoms, 

which are placed in-the centers of the large rings in the nets in 10- and 

11-fold coordination (Gandymov et al., 1968 [860]; Kondrat'eva, 1964 [861]). 

Chem. Sr is replaced by Ca (<5%). 

Phys. Tabular to laths; veatchite has perfect (100) cleavage, paraveat 

chite, perfect (010). 

/3 P H 

92r02' 2.86 2—2.5 

119° 15' 2.69 2—2.5 

5. HOWLITE GROUP. Mon., P2/c, Z = 4 

a b c ^ P H 

Howlite Ca^lB^BSiO/OHls]^ 12.78 9.33 8.60 104*^50' 2.56 3.5—4 

Str. Complicated structure, in which are combined colemanite-like 

chains (two BO4 and one BO3) and borosilicate spirals consisting of four 

BO4 and two Si04 tetrahedra. The chains and the spirals through common 

O atoms are connected to uneven layers parallel to (010). The Ca atoms 

in eightfold coordination are placed in holes between layers joining them 

together. The mean interatomic distances: Ca —(O.OHjg = 2.47; B —(0,OH)4 
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1.47; B-O3 = 1.36; Si—O4 = 1.62 (Finney et al., 1970 [859]. Crystallographic 

arrangement by Murdoch (1957 [870]). 

Chem. Composition (from six analyses) strictly constant. 

Phys. Tabular to platy, on (100), no cleavage observed. 

DIVISION D. WITH LAYERS OF B(OIIl, TETHAIIEDRA AND 

OTHER ATOMS 

1. BANUYLITE GROUP. Tetr., Z = 2 

S-g- a c p H 
Bandylite Cu[ B(OH) Jci 4. C^^_P4/n 6.19 5.61 2.81 3 

Teepleite Na^lBCOHlJ Cl<& Dl^-~P4/nmm 7.28 4.84 2.08 3.5—4 

Sir. Layers of firmly linked Cu(OH)4Cl2 octahedra and B(OH)4 fetra- 

hedra forming a corrugated surface in the (001) plane (Fig. 228a). Be¬ 

tween layers there are weaker Cu-Cl bonds (distance 2.8). Interatomic 

distances B-(OH)4 = 1.42; Cu-(OH)4Cl2 = 1.98 (4) and 2.80 (2) (Collin, 

1951 [872]). Teepleite has layers of B(OH)4 tetrahedra and Na(OH)4Cl2 oc¬ 

tahedra (Fig. 228b), but there is no great difference in the strengths of the 

bonds within layers and between them, which (since the surfaces are un¬ 

even) prevents any cleavage. Interatomic distances: B —(OH)4 =1.41; 
Na—(OH)4Cl2 =2.51 (Fornaseri, 1949 [871]). 

Phys. Thick tabular to platy; bandylite has perfect (001) cleavage, 
teepleite has no cleavage. 

Fig. 228. Structure in projection on the basal plane for: a) bandylite, b) teepleite. 
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Inadequately Characterized and Doubtful 

Aldzhanite (hydrate chloroborate Ca and Mn) 

Balavinskite Sr2B0Oii • 4H2O 

Chelcarite Ca3Mg4B0O;teCl5 • I9H2O (?) 

Hydrochloroborite Ca4B8045Cl2 • 22H2O 

Hydroxylascharite Mg2B2 -xHsxOs ■ ^^2^ 
Ivanovite (hydrate chloroborate of K and Ca?) 

Korzhinskite CaB204 * H2O (?) 

Olshanskyite Ca3[B(OH)4]4(OH)2(?) 

PriceiteCa5B42023 • 9H2O (?) 

Strontioborite Sr3CaMg2B24042 • 9H2O (?) 

Wardsmithite Ca5MgB24 042 • 3OH2O 



III. OXYGEN COMPOUNDS 

CLASS 5. VANADATES 

; 

la lla Ilia iva va via Vila villa lb lib nib IVb Vb VIb Vllb Vllib 

Type III. Oxygen compounds 
H 
43 

2 
Class 5. Vanadates 

0 
47 

3 
Na 

5 

Mg 

2 

Al 
7 

P 
3 

Cl 
1 

4 
K 

2 

Ca 
16 

V 
47 

Mn 

5 

Fe 

5 

Cu 

& 

Zn 

1 

5 
Sr 
2 

Y 
1 

6 
Ba 
3 

Pb 
7 

Bi 
1 

7 V L 
Coordination Framework Ring Insular C ha in I -ayer 

simple com¬ 
plex 

simple com¬ 
plex 

simple com¬ 
plex 

simple com¬ 
plex 

simple com¬ 
plex 

simple com¬ 
plex 

10 8 9 10 19 1 

Subclass 1. Insular 

I. Ortho vanadates (with VO4 Radical) 

Division A. Without Water and Additional Anions 

1. Wakefieldite Y[V04] group 

Division B. With Additional Anions 

Subdivision 1, Simple 
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II. Diorthovanadates (with ¥20^ Radical) 

Division A. Without Water and Additional Anions 

1. Chervetite Pb2[V20y] group 

Division B. With Water and Additional Anions 

1. Volborthite Cu3(H20)2 [V20y](0H)2 group 

Subclass 2. Chain 

Division A. Without Water and Additional Anions 

1, Pucherite Bi[V04l^ group 

Division B. With Water or Additional Anions 

1. Metarossite Ca(H20)2[V03]2^ group 

2o Hendersonite Ca2V^'’‘(H20)8[¥03)3^ group 

3. Metahewettite Ca(H20)3[¥60ie]io group 

4. Melanovanadite Ca2¥4^[¥@048](0H)i8M group 

5. Pascoite Ca3(H20)ig[¥io028]io group 

Sub class 3 ■ Laye r 

1. Carnotite-tyuyamuyunite K2{ (U02)2[¥208]} • 31I2O—Ca{(U02)2[¥208]} 

8H20^ group 

Inadequately Characterized and Doubtful 

Subclass 1. Insular 

/. Orthovanadates (with VO, Radical) 

DI¥ISION A. WITHOUT WATER AND ADDITIONAL ANIONS 

1. WAKEFIELDITE GROUP. Tetr., D\l~I4/amd, Z = 4 

a c p H 

Wakefieldite y[voJ 7.10 6.30 4.3 (5 5.5) 

Str. Zircon-type structure (Fig. 166), Y has CN = 8 (Hogarth and 

Miles, 1969 [1288]). 

Chem. There are some admixtures of Fe, Si, and U, some of them 

probably in the form of mechanical impurities. 
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DIVISIOxN B. WITH ADDITIONAL AxMONS 

Siiljclivision 1. Simple 

1. VANADINITE GROUP. Hex., Cg;, — P^Jm, Z = 2 

a c p H 
Vanadinite PbjPbJ VOJ,Cl 10..33 7.34 6.9 :5.2.5-3.5 

Sir. Apatite type (Fig. 243), two types of Pb differing in coor¬ 

dination: Pbj with nine O, Pbjj with six O + Cl. Identical with the 

chlorapatite type. The Cl atoms lie within regular octahedra of Pbjj. 

Interatomic distances: Pbj-Og = 2.47 (3), 2..57 (3), and 2.76 (3); Pbjj- 

OgCl = 2.52 (2), 2.54, 2.89 (2), 3.17; Cl-Pbg =3.17; V-O4 = 1.72 (2) and 

1.76 (2) (Trotter and Barnes, 1958 [288]). 

Chem. Composition varies within comparatively narrow limits; 

Pb replaced by Ca (<3.3%), and by As^'^' (<13.5%) and P^"^ (<2.9%). 

Var. Ca-vanadinite, ASO4-vanadinite, PO4-vanadinite. 

Subdivision 2. Complex 

1. DESCLOIZITE GROUP. Orth., D* — P2i2i2i. Z=4 

T angeite 
Desclol zite 

Py robelonite 

a b c PH 

CaCulVOiJOH 5,90 9.24 7,44 3 8 3 75 
Pb(Zn, Cu)[V04l0H 6,06—5.87 9,41—9,54 7,58—7,54 6,2—5.9 3 5—3 75 
PbMn[V04l0H 6,23 9.59 7.76 5.8 3,5 

Sir. Almost the same for all species. Descloizite has (Qurashi 

and Barnes, 1964 [289]) the following polyhedra: distorted VO4 tetra- 

hedra, Zn04(OH)2 tetragonal bipyramids, and square Pb07(0H) anti¬ 

prisms (Fig. 229). The mean interatomic distances are respectively 

1.71, 2.11, and 2.70. The Zn04(0H)2 bipyramids, with four short dis¬ 

tances, [Zn-(0, 0H)4 = 2.03], are favorable for perfect Zn-Cu iso¬ 

morphism. Pyrobelonite has (Donaldson and Barnes, 1955 [290]) V and 

Mn in tetrahedral and bipyramidal coordination respectively (V—O4 = 

1.75, Mn-(0, OII)g = 2.15), whereas Pb has very distorted sevenfold co¬ 

ordination, the Pb-O distances ranging from 2.28 to 2.89 (next two O at 
a distance of 3.28). 

Chem. Descloizite has perfect Zn—Cu isomorphism, so we have 

the subspecies zincdescloizite and cupridescloizite. The Zn(Cu) is also 

replaced by Mn (<4.6%) and Fe (<1%); is replaced by As (<7.1%). 

Tangeite has isomorphous (?) U®+, Fe'^+, Ba, Mn, and Mg. Pyrobelonite 
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*'V •Zn ®Ph Oo OOH 

Fig. 229. Structure of descloizite in projection on: a) (010), b) (100). 

has a variable Mn:Pb ratio, evidently from isomorphous replacement of 

Pb by Mn (up to Pb:Mn ~ 5:3). 

Var. Mn-descloizite, As-descloizite, Fe-descloizite, U-tangeite, 

Mn -py r ob el on ite „ 

Phys. Descloizite varies from thick tablets to short columns; 

pyrobelonite forms laths and needles» Cleavage reported only for tan- 

geite, on (001) and (010) (Guillemin, 1956 [880]). 

2. VESIGNIEITE GROUP. Mon. ^tricl. 

S.g. a b c p Z 

Vesignieite BaCUg [V04]2 (OHja Not det. — — — — 

Mounonoite PbFe,[voJ/OH), C]-PI 5.57 7.66 5.56 112W' 1 

a = llUOl' y = 94°09' 

Str. Not known, probably of the same type as bayldonite PbCu3 • 

[As04]2 (0H)2 (analogous powder patterns). In pseudomonoclinic arrange¬ 

ment the mounanaite cell parameters are close to those of brackebuschite 

Pbj (Mn, Fe) (H20)[V04]2 (Cesbron and Fritsche, 1969 [1289]). 

Chem. Data for vesigneite inadequate; the composition corresponds to 

certain specimens of 'tangeite' from Thuringia, most 'volborthite' from the 

Urals, and a specimen of 'kolovratite' from Uzbekistan (Guillemin, 1955 [876]). 

Phys. Platy, perfect cleavage parallel to plate faces. 

p H 

4.1 3 5—4 

4.9 (3.5) 
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DIVISION C. HYDRATED 

1. STEIGERITE GROUP. Mon. -^tricl. 

Steigerite AI (H20)3 [VO4] 
Alvanite Al5(Hp); [ VO J ^COH), 

Schubnelite FeCHjOllVOj 

S.g. a b c 
Not det. 11.86 12. .50 11.06 
Not det. 8.83 .5.11 17.74 
f’,'—pT 6.59 5.43 6.62 

a = 12.5° y = 

Z P H 

111°08' 4 2.52 3—3,5 

92°00' 1 2.41 3.5—3.75 

104° 2 .3.3 (.3.5) 

84‘’43' 

Sir. Not known. Alvanites are probably layer and may be hydroxides 

[11311. 

Chem. Data inadequate, but steigerite has Al replaced by Cr (<8%) 

and Fe^"^ (<2%), and V by P (<4.9%), while alvanite has replaced by 

(<3.7%) and Al by Ni (<2.7%?). In schubnelite part of V®"'' is replaced by 

[1290]. 

Var. Cr-steigerite, PO4-steigerite, Ni-alvanite. 

Phys. Platy (steigerite crystals about 1 p in size; Ross, 1959 

[877]); alvanite has perfect (001) cleavage. 

2. SCHODERITE GROUP. Mon., — P2/m (?), Z = 4 

a b c ^ p H 
Schoderite AJj (H20)8 (VO4] [PO4] 11.4 15.8 9.2 79° 1.88 2—2.5 
Metoschoderite Ah (thOjs [VO4I [PO4] 11.4 14,9 9.2 79° — — 
Gutsevichite AI3 (HjO)^ [VO4] [PO4] (OH)3 (?) — — — — 2,0 3 

Sir. Not known. 

Chem. Data inadequate. V:P ratio appears to be constant; Al re¬ 

placed by Fe^"^ Schoderite loses two H^O in dry air, but regains it in 
moist air (Hausen, 1962 [878]). 

Phys. Tabular on (OlO), laths elongated on c axis. Gutsevichite not 
examined (Ankinovich, 1959 [879]). 

3. SANTAFEITE GROUP. Orth., D® —C22,2, Z = 2 (?) 

a b c p H 

Santafeite Na2Ca3Mn3Mn^+(H20)4 (VOije (OH)8 9.25 30,00 6.33 3,4 (?) (aS) 

Sir. Not known, but the habit and cleavage indicate a chain struc¬ 
ture. 

Chem. A single analysis indicates that Ca (and Na) are replaced 
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by Sr (6%) and V is replaced by As (2.2%); also Fe^^ (0.9%), Cu (0.5%), 

and (0.3%). 

Phys. Needles elongated on c axis and flattened on b axis; (010) 

cleavage perfect, (110) moderate. 

4. BRACKEBUSCHITE GROUP. Mon., C\,^ — P2Jm {'?), Z = 2 

a b c ^ p H 

Brackebuschite Pbj (Mn. Fe) (H2O) fV04l2 8.88 6,16 7.68 111°50' 6,1 4.5 (?) 
Gamagarite Ba^ (Mn, Fe) (H2O) [V04]2 (?) — — — — 4,6 5—5,5 

Str. Known for brackebuschite (Donaldson and Barnes, 1955 [290]), 

fairly close to that of pyrobelonite. VO4 radicals link (Mn, Fe) polyhedra, 

which have a distorted tetragonal-bipyramidalform,the base being nearly 

square [(Mn, Fe) —O = 1.9-2.0] and formed by O atoms belonging to four 

different VO4 tetrahedra (Fig. 230, a and b). Fairly strong zigzag units 

along b axis, so the structure is of subchain type. H2O molecules lie at 

the vertices of the dipyramid (Fig. 230a). The Pb atoms are of two types: 

CN=8 (Pb-Og = 2.54-2.95) and CN = 10 (Pb-Oio = 2.58-3.02). These poly¬ 

hedra are linked by edges to VO4 radicals and so bind the whole structure 

together. Gamagarite is probably homostructural with brackebuschite. 

Chem. Data inadequate. Brackebuschite has perfect Mn-Fe iso¬ 

morphism that gives subspecies manganobrackebuschite and ferrobracke- 

buschite. Fe and Mn are replaced by Zn (1.3%) and Cu (0.4%), and V by 

P (0.2%). 

Phys, Brackebuschite forms needles (on b axis), cleavage not ob¬ 

served . 

H2O V Mn Pb 0 

Fig. 230. Structure of brackebuschite in projection on; a) (100), b) (010). 
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II. Diorthovanadates (with V^Or Radical) 

DIVISION A. W ITHOUT WATEH AND ADDITIONAL ANIONS 

1. CHERVETITE GROUP. Mon., — P2i/a, Z = 4 

a b c fi pH 
Chervetite (plumdi vonite) Pb2 [V2O7] 13.30 7.14 7,08 lOO^OO' 6.5 3—3.5 

Str. Paired V tetrahedra form V2O7 groups linked into a single in¬ 

sular structure by Pb atoms (CNof8and9). The VO4 tetrahedra are ap¬ 

preciably distorted (V-O distances 1.65-1.88). The PbOg and PbOg poly- 

hedra also have very variable Pb-O distances; the first has three short 

and five long bonds, while the second has four short and five longer bonds. 

Interatomic distances: V1-O4 = 1.71-1.88 (dm = 1.78); V2-O4 = 1.65-1.82 

(dm = 1.71); Pb-Og = 2.41-3,17 (d m = 2.74); Pb-Og = 2.24-3.20 (dm= 2.71) 
(Kawahara, 1967 [884J). 

Chem. Composition variations not known (Bariand et al., 1963 [885]). 

Phys. Short columns, unperfect cleavage on (100) and (010). 

DIVISION B. WITH WATER AND ADDITIONAL ANTONS 

1. VOLBORTHITE GROUP. Mon. C2./m, Z = 2 

a b c 8 p H 

Volborthite Cu3(H20)Jv20J(OH)2 10.60 5.86 7.21 95'>05' 3.5 .3.5—4 

Str. Preliminary investigations show that the basis of the structure 

is V2O7 groups which are connected with Cu octahedra, forming layers (Kasha- 
ev and Bakakin, 1968 [1132]). 

Chem. Data inadequate; traces of Ca, Ba and Fe^'^. 

Phys. Platy, perfect (001) cleavage, moderate (010) (Guillemin, 1956 

Suhcl USS 2,, 

DIVISION A. WITHOUT WATER AND ADDITIONAL ANIONS 

1. PUCHERITE GROUP. Orth., - Pnca, Z = 4 

a b c pH 
Bi[V04)ci 5.33 5.06 12.02 6,6 4 Puch erite (bi s von i te) 
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C C 

Fig. 231. Structure of pucherite in two projections; zigzag chainsofVOg 

octahedra link the Bi atoms at different levels. 

Str. Zigzag chains of VO4 octahedra linked by their edges run along 

the a axis (Fig. 231, a and b). Bi^^ has CN = 8 (distorted); the atoms are 

linked into chains, which gives a fiarly strong structure (hardness 4). 

The weakest bonds lie perpendicular to (001). Interatomic distances: 

V-Og = 1.76 (2), 1.94 (2), and 2.69 (2); Bi-Og = 2.19 (2), 2.31 (2), 2.53 (2), 

and 2.73 (2) (Fischer et aL, 1958 [287]). 

Chem. Composition fairly constant; V replaced by P and As (<3.7%). 

Phys. Tabular to laths, flattened on (001) and elongated on (100). 

Perfect (001) cleavage, moderate (210). 

DIVISION B. WITH WATER OK ADDITIONAL ANIONS 

1. METAROSSITE GROUP. Tricl. -^mon. 

a b c p 2 /3 H 

8,53 7,02 8.56 103° 23' 2 2,45 2.5—3,5 

a= 78° 28' t =" 65° 02' 

6.22 7.07 7.77 96° 38' 2 — — 
a =92° 58' 7= 105° 47' 

17.17 7.08 14.64 102°25' 8 3.2 2,5 

7.34 8.38 5.12 2 4.3 (3.5) 
a = lll°39' -( =102°49' 

Str. Known for metarossite (Kelsey and Barnes, 1957 [292]) and 

rossite (Ahmed and Barnes, 1963 [881]), the two being similar. Paired 

chains of four V polyhedra along b axis (Fig. 232). The V polyhedron 

is a trigonal bipyramid; the polyhedra are linked by common edges^to 

give the infinite radical [VOg]^^-. The chains are linked by Ca (CN 8, 

five O + three HgO, square antiprism); edges and vertices in common 

S, g, 

Rossite Ca (H20)4 [ V03]2 03 

Metarossite Ca (H20)2 [VO3I2 03 C.— Pl 

Delrioite SrCa CH,0)3[ VO J ,(OH), cfe Cl^-l2/a 

Metadelrioite SrCa [VOgjj (OH)2 03 Cj—PI 
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Fig. 232. Structure of metarossite; double chains of V bipyramids along b axis. 

with the V polyhedra. The V and Ca polyhedra are substantially dis¬ 

torted, especially the V—O5 one, where the distances range from 1.62 

to 2.12. Mean interatomic distances: V —O5 = 1.83, Ca—O5 (H20)3 = 2.47. 

Delrioite and metadelrioite have been assigned to this group from cell 

parameters and morphology (Smith, 1970 [1291]. 

Chem. Composition constant, but data inadequate; the general lines 

of the structure are probably largely unaltered by reduction in water content. 

Phys. Rossite forms short columns , perfect cleavage on (010); 

physical properties and morphology of metarossite not known. Delrioite 

and metadelrioite form needles and fibrous aggregates. 

2. HENDERSONITE GROUP. Orth., D^^—Pnma (?), Z = 4 

a 6 c p pH 
Hendersonite (HaOlg [VOjJg cn 12,40 10.77 18.92 — 2,78 ~3 
f'ervanite [vOgJ (OH)2 ci (?) 9.02 ? 6.65 103=20' — — 

Sir. Not known, assigned from composition and morphology. 

Chem. Ca in hendersonite replaced by Sr (<1.3%). 

Phys. Fibrous to acicular; perfect (100) cleavage in hendersonite. 

3. METAHEWETTITE GROUI’. Mon.-^orth. (?l 

S.g. a b c Z P 
Hewettite Ca (H20)9 (VyOiel cx) — •P2/m 12,56 3.61 11.47 97° 1 2.62 
Metahewetti te Ca (H2O)., 1 VeOifl] ro Cl^~A2lm 12,25 3,61 18 54 118° 2 2.94 
Barnes rte Na2 (H«0)3 [ VeOieJ oo C;-P2 12.18 3.61 7.80 95° 1 3,2 
U vanite Orth. (?) — — — _ _ _ 



CLASS 5. vanadates 501 

Fig. 233. Structure of metahewettite in projection on (010), 

which is perpendicular to the direction of the single and 

paired chains of V bipyramids. 

Str. Metahewettite-barnesite has (Bachmann and Barnes, 1962 

[293]) two types of zigzag chain composed of VO5 bipyramids along the 

b axis. Single chains alternate with paired ones, which are linked by 

vertices into spiral tubes, giving the chain radical the composition 

[VgOig]n^“ (Fig. 233). Between the chains lie Na(Ca) atoms and H2O mole¬ 

cules. The mean interatomic distances in the V-O5 bipyramids (three 

types) range from 1.92 to 1.99. Na in barnesite has four O + two H2O as 

nearest neighbors; Na —(O, H20)g = 2.38. Metahewettite has an entirely an¬ 

alogous structure, as does the more hydrated hewettite. Uvanite has not 

been studied, but it is similar in some properties, 

Chem. Composition-variation data inadequate. The in he¬ 

wettite is replaced by Mo®"^ (<1.6%) and (<1.2%). The Ca in meta¬ 

hewettite is replaced by Na (<3.7%). Hewettite readily loses water in 

dry air. 

Var. Na-metahewettite, Mo-hewettite. 

Phys. Needles on b axis, very much flattened on (001), cleavage 

not indicated. Uvanite has cleavage in two directions. 

4. MELANOVANADITE GROUP. Tricl.-^tetr. 

S.g. 

Melanovanadite Ca2V^+ [VjOu] {OH)igc» 

Sherwoodite Ca. 

a b c Z p H 

7.97 16.85 9.81 2 3.5 3 

= 87° 55' p = 90° 45' 7 = 92° 30' 

V^+(H20)9[Ve0i6](0H)i2ci D]® -/4i/amd 27,8 - 13.8 16 2-2.5 

C[ —PI 

Str. Not known; assigned from composition, morphology, and^en 

eral crystallochemical arguments on the coordination of and V . 
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Chem. Fairly constant composition; partly replaced by Fe and 

A1, and Ca by Mg. 

Phys. Melanovanadite occurs as radiated masses and columnar 

crystals with perfect (010) cleavage along the length. Sherwoodite forms 

isometric crystals (?). 

5. PASCOITE GROUP. Mon. trirl. 

S.g. a b c Z P H 

Pascoite q -72 16.83 10.16 10.92 2 1.87 3 

Cag (H20)i7 (V10O28I ci P = 93° 08 ' 

Hummerite C] — Pl 10.81 11.01 8.85 1 — — 

K2Mg2 (H2O)x0 [V10O28I <}> a = 106° 04' p = 107° 49' 7 = 65° 40' 

Huemu 1 i te C‘—Pl(?) 11.77 11.84 9.02 1 2.40 2. .5-3 

Na4Mg(H20) 24 1-^10^28] a = 107°13' /3= 112' '10' y = \01°30' 

Corvusite Mon, 11.6—11.7 3.65—3.67 (?) — 2.8 2.5—3 
(Na^, Ca)V^+<H20)i4[\V ̂ 28)02 cx> 

Grantsite Mon. 17.54 3.60 12.45 1 2.94 _ 
Na^Ca\’l+ (HaOs [VioO^g P = 95° 15' 

Rauvi te _ _ _ _ _ 
Ca (U02)2(H20)ie(V,o028]d5, 

Str. Known only for pascoite, in which V10O28 groups built up from 

V octahedra are linked into chains by Ca02(H20)5 polyhedra. Between 

the chains lie Ca(H20)7 polyhedra, which link the chains in conjunction 

with hydroxyl-hydrogen bonds. Interatomic distances: Ca-02(H20)5 = 

2.45 (2), 2.39 (5); Ca-(H20)7 = 2.35, 2.41 (4), 2.43 (2); Vj-Og = 1.62 (2), 

1.90 (2), 2.14 (2); V2-O6 = 1.59, 1.82, 1.87 (2), 2.08, 2.31; Vg-Og = 1.62, 

1.81 (2), 2.00 (2), 2.21 (Swallow et al., 1966 [882]). 

Chem. Variation data inadequate. Corvusite has perfect Na-Ca 

isomorphism, subspecies natrocorvusite and calciocorvusite; is also 

replaced by V^+, Fe3+ (<12%), and Mo (<1.6%), and Na and Ca are re¬ 

placed by K (<2%). Na:Ca and in grantsite vary somewhat. 

Phys. Mostly fibrous masses composed of needles, sometimes 

flattened; sometimes cleavage in one direction is observed. 
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Subclass 3. Layer 

1. CARNOTITE-TYUYAMUYUNITE GROUP. Mon. -^orth. 

Carnotite subgroup. Mon.—»tri<l.. Z — 4;2 

Vanuralite A.1 {(U02)2 [VaOg] OH ) -IIH^O. 
(alurvanite) 

Metavanuralite Alj(U02)2[V^O JOH| • SH^Ocx) 
(metaalurvanite) 

Seng i eri te 

Carnotite 

cu {(uo2)2(V208)} . 

K2{(U02)2[V208]} • 3H20< 

S.g. a b c p H 

Cli^~A2/a 10.55 8.44 24.52 3.6 2.5(?) 

P = 103° 

Cl_Pl(?) 10.46 8.44 10.48(3.8) 

a = 75°53' p = 102°50' y = 90° 

—P2i/a 10.62 8.10 10.11 4.0 3 

P = 103° 40' 

C\^ — V2Ja 10.47 8.41 6.91 (5,0) 2.5—3 

P = 103° 40' 

Tyuyamuyunite subgroup. Orth., Z — 4 

Ty uyamuyunite (cal curvanite) 

Ca {(U02)2[V208]) • 8H20<|, 
Metatyuyamuyunite (metacalcurvanite) 

Ca {(U02)2[V208]) ■ SHsOrl, 
Curienite (p I umurvan i te) 

Pbi (UOjljiVjOj !• SHjO io 

F ran ce vi 11 i te (baurvanite) 

Ba {(U02)2lV208]) • SHaO^ 
Ferganite (urvanite) 

{(U02)3[V20J) . 6H20^ 
Vanuranylite (oxurvanite) 

(H30)2 {(LJ02)2 [V2O8]/ ' 4H2OTO 

S.g. a b c P H 

Not det. 10.63 8,36 20,40 3.6 2—2,5 

— Pnam(?) 10.63 8.36 16.96 3.9 2,5—3 

D\X—Pcan 10.40 5.45 16.34 4.9 (3) 

—Peon 10.41 8.51 16.76 4,6 3,5 

— — — — 3,3 (?) ~ 3 

Not det. 10.49 8.37 20.30 3,6 2—2.5 

Str. Anhydrous carnotite (Fig. 55) shows that the layer pattern is 

produced by a strong bond between the V2O8 radical and the (1102)05 poly¬ 

hedron, the layers being of composition {(U02)2[V208]}^‘^" (Appleman and 

Evans, 1957 [295]). These layers (separation about 2.65) are held to¬ 

gether by hydroxyl-hydrogen bonds to water molecules, and also by the 

K, Ca, Ba, Cu, and A1 between the layers. The number of H2O mole¬ 

cules is governed by the size of the atoms and by the external conditions. 

The (U, V) layers are of lower symmetry than the (U, P) ones because of 

the complicated form of the VgOg group (two VO5 trigonal bipyramids 

linked by a common edge) and also because of the fivefold equatorial co¬ 

ordination of the U®''". 

Chem. Fairly constant composition; carnotite, tyuyamuyunite, and 

francevillite have the largest amounts of isomorphous components. The 

K in carnotite is replaced by Ca (<3.3%); the Ca in tyuyamuyunite is re- 
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placed by Mg K and Na (<2.5% K + Na), and Cu (<4.1%? ); and the 

Ba in francevillite is replaced by Pb (<7.4%). The H3O in vanuranylite is 

replaced by Ba (3.2%), Ca (0.6%), and K (0.4%) (Bur'yanova et al., 1965 

[883]); the Pb in curienite is replaced by Ba (~1%) (Cesbron and Morin, 1968 

[1292]). Vanuralite changes to metavanuralite; this transformation from one 

to the other being reversibly dependent on the humidity of the atmosphere 

(Cesbron, 1970 11293]), 

Var. Ca -carnotite, K,Na-tyuyamuyunite, Pb-francevillite. 

Phys. Tabular or platy in all cases; (001) basal cleavage perfect. 

Tyuyamuyunite also has moderate cleavage on (010) and (100), as does 

ferganite on (100). Francevillite has cleavage on (110). 

Inadequately Characterized and Doubtful 

Bokite KAl2Fe0V0'*^V2^O';0 * 3OH2O 

Kolovratite (hydrated vanadate of Ni and Zn?) 

Pintadoite Ca2(H20)9 [V2O7] 

Rusakovite (Fe, Al)5[(V, P)04]2(0H)9 • 3H2O 

Satpaevite 6AI2O3 - V2O4 • 3V2O5 • 3OH2O 

Vanalite NaAl8V4o038 • 3OH2O 
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Subclass 1. Framework 

1. Pharmacosiderite (K, H30){Fe4[As04]3(0H)4} • GHp^^group 

2. Scorodite Fe(H20)2[As04]L group 

Subclass 2. Insular 

Division A. Without Water and Additional Anions 

Subdivision I. Simple 

1. Rooseveltite Bi[As04] group 

2. Xanthiosite Ni3[As04]2 group 

Subdivision II. Complex 

1. Stranskiite Zn2Cu[As04]2 group 

2. Berzeliite NaCa2(Mg, Mn)2[As04]3 group 

Division B. With Additional Anions 

Subdivision I. Simple 

1. Angelellite Fe4[As04]203 group 
2. Olivenite CuCu[As04]0H group 

505 
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3. Erinite Cu5[As04l2(OH)4 group 

4. Clinoclase Cu3[As04](0H)3 group 

5. Allactite Mn^ [ASO4 ]2(OH)g group 
6. Mimetite Pb2Pb3[(As, P)04]3C1 group 

Subdivision II. Complex 

1. Beudantite PbFe3[As04][S04](0II)g group 

2. Carminite PbFe2[As04]2(OII)2 group 

3. Flinkite Mn2Mn[As04](011)4 gi"ooip 

4. Durangite NaAl[As04]F group 

5. Duftite PbCu[As04]0H group 

6. Retzian Mn2Y[As04](0H)4 group 

Division C. Hydrated Arsenates Without Additional Anions 

1. Picropharmacolite Ca3(H20)g[As04]2 group 

2. Lindackerite HjCUg (H20)9 [As04]4 g^'oup 

Division D. Hydrated Arsenates with Additional Anions 

Subdivision I. Simple 

1. Euchroite Cu2(H20)3[As04]0H group 

2. Legrandite Zn2(H20)[As04]0H group 

3. Hemafibrite Mn3(H20) [As04](0H)3 group 

Subdivision II. Complex 

1. Arthurite Cu2Fe4(H20)g[As04]3(0H)7 group 

2. Liroconite Cu2Al(H20)4 [As04](0H)4 group 

3. Tyrolite Ca2Cu9(H20)io[As04]4(OH)io group 

4. Lavendulan NaCaCu5(H20)5 [As04]4Cl group 

Subclass 3. Chain 

Division A. Anhydrous 

1. Weilite Ca{H[As04]}j^ group 

Division B. Hydrated 

1. Mixite Cui2Bi(H20)9[As04Jg(0H)9L3 group 
2. Bearsite Be2(H20)4[ASO4|OHio group 

3. Roselite Ca2C0(1120)2[ASO4 group 

4. Vladimirite H2Ca5(H20)5 [Asb4]4i„ group 

Subclass 4. Layer 

Division A. Without Water and Additional Anions 

1. Hallimondite Pb2[(U02)(As04)2]^ group 

2. Schultenite HPb[As04]^ group 
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Division B. Hydrated Without Additional Anions 

1. Uranium-mica R(H20)j^[U02(As04)2]m group 

2. Erythrite (Co, Ni)3(H20)8 [As04]2^ group 

3. Pharmacolite HCa(H20)2[As04]TO group 

Division C. Hydrated With Additional Anions 

1. Walpurgite Bi4(H20)3l(U02)(As04)204]i group 

2. Arsenuranylite Ca(H2O)0[(U02)4(As04)2(0H)4]^ group 

3. Chalcophyllite {CugAl(H20)3[As04][S04](OHio)} " 8H20^ group 

Inadequately Characterized and Doubtful 

Subclass 1. Framework 

1. PHARMACOSIDERITE GROUP. Cubic, -^Tetr., Z= I 

_ a c 

Tl - PA'im 7.98 - 
a 

TL_P43m 7.89 — 

Pharmacosiderite 

(K, H3O) {Fe4[As04]3(OHh} • 6H2O A 

Bari um-al umo pho rmacos iderite 

BaiAljAsOjjCOH);! • 5Hp cl 

Bar i um-pha rmacosiderite —P^/mmm 7.97 8.10 

Ba{ FejAsOjj (OH)^! ■ 

P H 
2.90 3 

— 2 3 

3.0 2 3 

Str. Framework composed of groups of four FeOglOHlg octahedra 

(centers of the groups at the vertices of the cubic cell), which are linked 

to ASO4 tetrahedra (at centers of edges of cell) (Fig. 234). The octa¬ 

hedra share edges with each other, and vertices with the tetrahedra. The 

large holes contain zeolitic water and K ions, which are easily replaced 

by oxonium, so we have continuous K—HgO isomorphism. Mean inter- 
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atomic distances: K-O^j =3.3 (?); Fe-03(OFI)3 = 1.94 (3), 2.11 (3); AS-O4 = 

1.71; OH-OH and O-OH =2.80; HgO-OH =3.04; HgO-O =3.32 (Zemann, 

1948 [886]). 

Chem. The perfect K —II3O isomorphism gives the subspecies 

kaliopharmacosiderite and oxoniopharmacosiderite. Also, the As is re¬ 

placed by P (<2.1%). Composition of barium-pharmacosiderite and barium- 

alumopharmacosiderite has only been studied by spectral analysis (Walenta, 

1966 [1295]). 

Phys. Imperfect cleavage on (100). 

2. SCORODITE GROUP. Orth., — Pcab, Z = 8 

a b c p H 

Mansfieldite Al (H20)2 [AsOi] 10,10 9.66 8.7 2 3.0 3,5—4 

Scorodif e Fe (HjOia [AsOi] I, 10.28 iO.OO 8.90 3.3 3,5—4 

Str. Known for scorodite; pairs of ASO4 tetrahedra in two orienta¬ 

tions and two types of Fe04(H20)2 octahedra, the latter being linked to the 

former via common O vertices into a framework, leaving two vertices 

free (with H2O) in each octahedran. Mean interatomic distances: Fej — 

04(H20)2 = 1.94 (4), 2.15 (2); Fen-04(H20)2 = 1.95 (4), 2.19 (2); ASI-O4 = 

1.68; ASJJ-O4 = 1.69 (Kiriyama and Sakurai, 1949 [887]). 

Chem. Present data do not demonstrate perfect Al-Fe isomor¬ 

phism, SO the two species cannot be combined into one (Palache et al., 1951 

[154]). Scorodite contains up to 5.8% Al; mansfieldite contains only a little Fe^"*". 
As in scorodite is replaced by P (<16%). 

Var. Al-scorodite, PO4-scorodite. 

Phys. Isometric to thick tablets; imperfect cleavage on (201), (001), 
and (100). 

Subclass 2. Insular 

DIVISION A. WITHOUT ADDITIONAL ANTONS 

Siilxlivision I. Sinij)le 

1, . ROOSEVELTITE 1 GROUP. Tetr. —*Mon., Z=: 4 

S.g. a h c a P H 
y[AsoJ Di’—lA^/amd 7.04 ~ 6.27 — 4.9 4.5-5.5 

Bi[AsOj C\f^—P2/ n 6.87 7.15 6.73 104°30' 6.9 4-5 
Rooseveltite 
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Str. Chernovite is of the zircon type (Fig. 166) (Goldin, 1967 [1294]); 

rooseveltite is analogous to the structure of monazite (Fig. 242)(Bedlivy et 

al., 1969 [1296]), 

Cliem. Chernovite contains admixtures of La, Ce, P, V, etc., roosevel¬ 

tite has not been studied. 

Phys. Chernovite has perfect (100) cleavage, moderate on (001) 

and (110). 

2. XANTHIOSITE GROUP. Mon., - P2,/a, 2 = 4 

a b c ^ pH 

Xanthiosite (trini cosite) Ni3 [As04]2 10.17 9.55 9,77 92 59 5.4 (5) 

Str. Not known. 

Cheni. Ni replaced by Co (£1.5%), Cu (£0.7%), and Fe (£0.7%). 

Phys. Habit not reported; cleavage not observed. 

Subdivision II. Complex 

1. STRANSKIITE GROUP. Tricl., C‘—PI, Z=1 

a b c p H 

Stran s ki ite Zn2Cu[As04]2 5.09 6.75 5.30 5,2 4 
a=lll»00" p=112»30' -( = 86°00 

Str. ASO4 radicals linked via Cu and Zn polyhedra; Cu has CN = 4 

(nearly square), while Zn is surrounded by five oxygen atoms, which 

form a trigonal bipyramid. Interatomic distances: CU-O4 - 2.01 (2), 2.07 (2); 

Zn-Og = 2.00-2.10 (d m = 2.05); As-O4 = 1.75-1.78 (d^^ = 1.76) (Plieth and 

Sanger, 1967 [888]). 

Chem. Zn replaced by Mg and Fe, and As by Si. 

Phys. Perfect cleavage on (010), moderate on (100). 

2. BERZELIITE GROUP. Cubic-^mon. 

S.g. a b c Z p H 

Berzeliite NaCa2 (Mg. Mn)2 [ As04]3 010-/a3d 12.37-12.48 - - 8 4.1-4.5 5.5-5 

Caryinite NaCaMog [As04]3 Cl^^C2lc 12.42 13,17 6.87 4 4,3 4(?) 

p = 114° 05' 

Str. Berzeliite is- isostructural with the garnets (Fig. 167); Na and 
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CahaveCN-8, Mg and Mn have CN - 6. Caryinite is probably isostruc- 

tural with hagendorfite (Strunz, 1957 [113]). 

Chem. Berzeliite has perfect Mg—Mn isomorphism; subspecies 

magnesioberzeliite and manganoberzeliite. Mg(Mn) is also replaced by 

Fe (<1%), and As by Sb (<6.5%), Si (<9%), and V (<4.5%). Ca in caryinite 

is replaced by Pb (<11.7%), Mn by Mg (<4.7%). 

Var. Na-berzeliite, Sb-berzeliite, Si04-berzeliite, Pb-caryinite, 
Mg-caryinite. 

Phys. Berzeliite has no cleavage, caryinite has moderate (100) 

and (010) cleavage. 

DIVISION B. WITH ADDITIONAL ANIONS 

Suljdivision I. Simple 

1. ANGELELLITE GROUP. Trid.^mon. 

S.g. a b c Z p 

Angelellite Fe4 [As04]203 C] —Pl(?) 5,03 6.49 7.11 1 4.9 

a = 114°24' p=i]16°24' 7 =81° 54' 

Atelestite BiJ AsOj O lOH) — P2|/m 7.01 7,46 11.03 4 6.8 

P = 109° 57' 

H 

5.5—6 

5—5.5 

Str. Not known. A different formula has been proposed for ateles¬ 

tite: Bi8[As04]305(0H)5,s.g. C|h-P2i/a; G = 10.88, b = 7.42, c = 6.98, ^ = 
107°13', Z = 1 (Culver and Berry, 1963 [889]). 

Chem. Data on composition variations inadequate. 

Phys. Cleavage on (001) moderate to imperfect (atelestite). 

01 i ven ite 

Ad am i te 

Evei te 

Paradamite 
(tri cl inoadamite) 

Sarkinite 

Aerugite 

2. OLIVENITE GROUP. Onh. irid. nion 

CuCu (ASO4I OH 

ZnZn [As04)OH 

MnMn|AsOjOH 

Zn2(As04l0H 

Mnj [ASO4I OH 

Nl, [As04]203 (?) 

s.g. a b 

8.64 8,22 
_ Pnnm 8,34 8,56 

— I’nnm 8.57 8.77 

c Z P H 

5,95 4 4.6 3.5 

6,09 4 4,4 3,75 

6.27 4 3.7 3.5—4 

C)-Pr 5.81 6.67 5.63 2 4,5 (3.75) 

a=104°I5'p=-87°52' 7=I03°12' 
C\^ — P2Ja 12.68 13.54 10.17 16 4.1 4 (?) 

0^ 108° 44' 

q^-C2/c(?) 10.29 5.95 9.79 3 5.9 (4-4.5) 

P = 110° 19' 

Sir. Adamite is isostructural with andalusite, which is homo- 

structural with olivenite; Cu and Zn have CN of 5 and 6. Interatomic dis- 
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tances: in adamite Zn—040H = 1.84 (2), 1.99, 2.19,1,91; Zn- O4(OH)2 = 2,08 (2), 

2.29 (2), 2.08 (2); AS-O4 = 1.59 (2), 1.81 (2) (Kokkoros, 1937 [890]); in 

olivenite CU-O4OH = 1.92, 2.16 (2), 2.03 and 1.99; Cn-04(0H)2 =2.12 (2), 

2.34 (2), and 1.96 (2); As—O4 =1.64 (Heritsch, 1938 [891]). Structures of 

paradamite and sarkinite not studied, but sarkinite is isostructural with 

triploidite (Strunz, 1957 [113]) and paradamite is the same with tarbut- 
tite (Finney, 1966 [894]). The interatomic distances in eveite: Mn-Og = 

2.14-2.29 (dni= 2.19); Mn-Og = 2,10-2.16 (dm= 2,12); AS-O4 = 1,65-1.73 

(dm= 1,69) (Moore, 1968 [1297]). 

Chem. Variable. Cu in olivenite replaced by Zn (<22.5%) and Fe 

(<2.8%), As replaced by P (<6%). Zn in adamite is replaced by Cu 

(<23,5%), Co (<5.2%), Fe (<1,5%), Mn m sarkinite is replaced by Mg 

(<6.1%), Fe (<3,1%), and Ca (<2,9%), and As by Sb (<3%), Aerugite con¬ 

tains small amounts of Fe, Co, and Cu; its composition has also been de¬ 

scribed as Ni48[As04]5 [As03]09, Z = 1 (Davis et al,, 1965 [892]). 

Var. Zn-olivenite, Fe-olivenite, P04-olivenite, Cu-adamite, Co- 

adamite, Fe-adamite, Mg-sarkinite, Fe-sarkinite, Ca-sarkinite, 

3. ERINITE GROUP. Mon.-^tricl.^orth. 

S.g. a b c p Z p H 

C\^ — P\!a 17.61 5.81 4.60 92° 15' 2 (4.7) 5 

Not det. — — — — 4.6 (5) 

D^—P2i2j2, 9.31 5.75 18.84 — 4 4.3 5.5—6 

Str. Erinite is isostructural with pseudomalachite; sub-layered, 

consisting of linked chains of Cu(0,OH)g octahedra. Arsenoclasite has the 
new parameters from the data by Moore [ 1164]. Cornubite differs consider¬ 

ably in powder pattern from erinite. 

Chem. Cu in erinite replaced by Zn (<1%) and As by P (<2.7%), 

Only minor components in arsenoclasite. 

Var. P04-chalcophyllite. 

Phys. Perfect (010) cleavage. 

Erinite CUj [As04]2 (OH)4 

Cornubite Cu; [As04].3 (0H)4 
(tri cI inoerin i te) 

Arsenoclasite Mn^ [As04]2 (OH)j 

Clinoclose 
Georglodesite 

Sohl in ite 

t. CLINOCLA.se group. Mon.. 

a b 

Cu3 [ASO4J (0H)3 12.38 6,46 

Pb3[As04lCl3 — - 

9644 [As04].209Cl4 

P2i/a, Z = 4 

c p P H 

7,24 99° 30' 4.4 3—3.5 

— 102° 34' 7.1 3.75 
_ _ 8.0 2.5—3.5 

Str. Known for clinoclase; the other two species probably have 

little in common with this. Tetragonal Cu(0, OH)5 pyramids occur singly 

and in pairs, the latter sharing a base edge, with the tops facing in op- 
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posite directions (as in carnotite, Fig, 55), to give Cu204(OH)4 groups, 

which are linked by the single Cu(0, OHlg pyramids and ASO4 tetrahedra 

into layers parallel to (001). But these layers are linked one to another 

by nearly as strong (O, OH) bonds, so the structure is sublayered. Mean 

interatomic distances: Cuj—03(OH)2 = 2.08; Cujj—02(011)3 = 2.14; Cujji— 

03(011)2 = 2.09; As—O4 = 1.71 (Ghose et al., 1965 [893]). Georgiadesite and 

sahlinite may be layered. 

Phys. Clinoclase is columnar to tabular; the others occur as thick 

tablets (data scanty). Perfect cleavage on (001) in clinoclase and on (010) 

in sahlinite; no cleavage reported for georgiadesite, 

S. ALLACTITE GROllP. Mon.—^trirl. ( p^pudoortli. t 

S.g. a b c p Z p H 

Allactite Mn, [As04]2(0H)8 Clf^ — P2Ja 11.03 12.12 5.51 114°04' 2 3.9 5 

Synadelphite Mn* [ASO4] (OHlj Not det. 9.93 18.74 10.67 90° 10 3,6 5 
a = f = 90° 

Str. Allactite consists of sub-layered MnOg octahedra which are 

connected with other Mn octahedra and ASO4 tetrahedra. The mean inter¬ 

atomic distances are: Mni-Qg = 2.27; Mn2-Oe = 2.23; Mn3-06 = 2.18; Mn4- 

Og = 2.19; AS-O4 = 1.68 (Moore, 1968 [1154]). Another formula of synadel¬ 
phite may be found in [1407]. 

Chem. Allactite contains isomorphous Mg (<2%), while Mn in 

synadelphite is replaced by Mg (<6.2%), Pb (<3.2%), and Ca (<1.6%), 

and As is replaced by Si (<1.5%). 

Var. Mg-synadelphite, Pb-synadelphite, Si04-synadelphite. 

Phys. Short colunins to tabular, moderate to imperfect cleavage on 
(001) in allactite, on (010) in synadelphite. 

6. MIMETITE (IROUP. Hev., C2^^_P6.,/m, Z=2 

0 c p H Cl. 

Mimetite Pb2Pb3 [(As, P) 04)301 10,38-9.97 7.54-7.33 7.3-7,1 3,5-4 (lOlO) imperf. 

Svobite Ca.4Ca3[As04l3(OH, F) 9 72 6.96 3.5 4 5-5.5 (1010) imperf’. 

Str. Apatite type; Pb and Ca have CN of 7 and 9 (Fig. 243). 

Chem. Perfect As—P isomorphism in mimetite, so pyromorphite 

is deleted as an independent species, there being instead the two sub¬ 

species arsenomimetite and phosphoromimetite. The other isomorphous 

components are Ca (<15%), Ba (<8.3%), and (<4.1%). Svabite con- 
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tains Mg (<3,9%), Pb (<4,5%), Mn (<1.2%), and (<12.5%). Perfect 

F —OH isomorphism, so we have hydroxylsvabite and fluorosvabiteo 

Minute traces of CL 

Var. Ca-phosphoromimetite, Ca-arsenomimetite, Ca,Ba-arseno- 

mimetite, V04-mimetite, P04-svabite, Pb-svabite, Mg-svabite, Mn-svabite. 

Subdivision II. Complex 

1. BEUDANTITE GROUP. Trig., — R3m, Z= I, 3 

drh a ah l-h P H 

Hidalgoite PbAb [ASO4] [S04](0H)6 6.97 60° 40' 7.04 16.99 (4.3) 4,5—5 

Beudanti te PbFe3 [ASO4] [S04](0H)6 7.07 62P20' 7.32 17.02 4,4 3.75—4.5 

Wei 1 eri te BaAl3[As04l[S0,](0H)6 7.02. 60° 18' 7.05 17.16 (3,6) (4.5-5) 

Du ssertite BaFea [ASO4I2 (OH); (H^O) 7.23 61° 37' 7.40 17.48 3,8 3,75—4 

Kemml itzite SrAl3[As04][S04](0H)(; 6.84 61°5l' 7.03 16.51 3.6 5 — 5.5 

Str. Alunite type; Pb(Ba) CN = 12, Al(Fe) has CN = 6 (Fig. 258b). 

Lattice parameters for beilerite from data of Walenta (1966) [1020]). 

Chem. Isomorphous components unimportant; data on weilerite 

and dussertite inadequate. 

Phys. Usually massive cryptocrystalline aggregates. 

2. CARMINITE GROUP. Orth.—mon. 

Carminite 

Bayidonite 

Plumcusulosite 

S-g. 

PbFe2fAs04l2(0H)2 — Cccm (?) 

PbCUg [.A.SO4I2 (0H)2 Not det. 

PbjCulAsOjlsoJ OH 

a b c p Z P 

12.29 16.59 7.58 — 8 5.2 

5.03 5,97 6.93 103° 1 5.5 

8.85 5.92 7.84 112°36' 2 6.4 

H 

(4.5—5) 

5 

(4.5-5) 

Str. Known only for carminite, which is closely related to bracke- 

buschite Pb2(Mn, Fe)(H2O)[¥04)2 (Finney, 1963 [895]). There are two types 

of ASO4 tetrahedra, whose mean As-O4 distances are respectively 1.64 

and 1.74. Fe has a nearly regular octahedral enviromiient of four O plus 

two OH, distances 2.06 (4) and 1.95 (2). Pb (also two types) has CN = 8; 

mean Pb-Og distances 2.67 and 2.69. Plumcusulasite was named by 

me according to a rational system [896]. H. Strunz assigns to it the name 

"arsentsumebite" [1236]. 

Chem. Carminite has a constant composition; Cu in bayidonite is 

replaced by Fe (<5.75%). 

Var. Fe-bayidonite. 
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3. FLINKITE GROUP. Ortli.—*irig.—*mon.—‘cuImc 

S.g. a b c p Z P H 

Flinkite n's t^nma 9.55 13.11 5.25 — 4 (3.7) 5 
MnaMn (ASO4J (0H)4 

Hemotol ite Cl-Rl 8.29 — 36.58 — 3 3.5 3.75 
Mn4Al [ASO4] (0H)8 

Chlorophoen Icite 22.98 3.23 7.32 106°00' 2 3,5 C2/m 3,75 
Mn3Zn2 (AsO,) (OH)? 

Magchlorophoen i cite Not det. — 3.4 (3.5) 
MggMnz [AsO,] (OH)? 

Holdenite — Bmam 11.99 31.21 8.60 — 2 4.1 4 

Mn4Zn2 (ASO4I O2 (OH)g 

Coforsite Tl-Ph3 16.01 — _ _ 4 3.9 (5-5.5) 
Ca,Mn2Fe4Ti3[AsOj ,2 (OH), 

Sir. Flinkite [1129J and chlorophoenicite have been studied [1161], 

in which the Mn polyhedra are layered with pyrochroite Mn(OH)2 structure 

fragments, causing the subschistosity of these structures. Cafarsite placed 

here conditionally (Graeser, 1966 [1396]). 

Chem. The following components occur: in flinkite Mg (1.7%), 
Fe (1.5%), Sb® (2.5%); in hematolite Mg (7.1%), Fe^^ (1.5%); 

in chlorophoenicite Ca (3.4%), Mg (1.3%); in magchlorophoenicite Zn 

(8.9%), Fe2+ (3.85%), Si (3.4%); in holdenite Ca (3%), Fe (2%), Mg (1.6%). 

Var. Sb-flinkite, Fe-flinkite, Mg-hematolite, Ca-chlorophoenicite, Zn- 

magchlorophoenicite, Fe-magchlorophoenicite, Ca-holdenite, Fe-holdenite. 

4. DURANGITE GROUP. Mon., — C2/c, Z = 4 

a b c ^ PH 
Durongite NaAI [ASO4] F 6.54 8,48 7.31 119° 22' 4 5.5 

'•''las'te CaMg[As04)F 6.67 8.97 7.58 121° 00' 3.8 5—5.5 

Str. Isostructural with sphene CaTi[Si04]0; Na(Ca) has CN = 7, 
Al(Mg) has CN = 6. Sublayered. 

Chem. Na in durangite replaced by Li (<0.7%), and A1 by 

(^9.2%) and Mn^ (^2.1%); no major components in tilasite. 

Var. Fe^'^-durangite. 

Pliys. Moderate cleavage in one direction. 

DUETITE (IROUP. Ortli.,D4 _ P2,2,2,; Z = 4 

a b c p H Cl. 
Duftite PbCu (A,s04l0H 5,91 9,14 7,52 6,4 4.5—5 None 
Conichalcite CaCu(As04l0H 5.85 9.23 7.43 4,3 5 None 
Austin ite CaZn IASO4] OH 5.91 9.02 7.44 4.4 5.5 (Oil) - 
Adel i te CaMgf.4s04|0H 5.89 8.87 7,44 3.8 5,5 None 
Gabrielsonite PbFe[As04]OH 5.98 8.62 7.86 6.2 4.5 — 
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Str. Descloizite type (see Section IB of vanadates); Ca(Pb) has 

CN = 8, Cu(Zn, Mg) has CN = 6. Mean interatomic distances in conichal- 

cite: Ca-O^OH =2.51; Cu-04(0H)2 =2.20 (4) and 1.95 (2); AS-O4 = 1.69 

(Qurashi and Barnes, 1963 [897]). 

Cheni. Isomorphons components mostly minor. Conichalcite con¬ 

tains Zn (<7.3%) and Mg (<1.9%); replaced byP^'^ (8.8%) andV®"^ 

(2.1%). Austinite contains a little Cu. Adelite has Ca replaced by Pb 

(<2.8%) and Mn (<4.4%), As by P (<3%), and OH by F (<1.4%). 

Var. Zn-conichalcite, P04-conichalcite, V04-conichalcite, Cu- 

austinite, Mn-adelite, Pb-adelite, P04-adelite, F-adelite. 

6. RETZIAN GROUP. Orth. D\f^—Pban, Z = 2 

a b c p H 

Retzian Mn^v) AsO J(OH)^ 5.67 12.03 4.86 4.2 4.5 

Str. Sublayered similar to flinkite, built up on the basis of pyro- 

chroite Mn(OH)2 structure, in which part of the Mn positions are occupied 

by Y in eightfold coordination. Cation layers are connected by ASO4 radi¬ 

cals. The interatomic distances are: Mn—Og = 2.32 (2), 2.10 (2), 2.12 (2); 

Y-Og = 2.52 (4), 2.50 (4); AS-O4 = 1.60 (Moore, 1967 [1129]). 

Chem. One analysis only; a little Mg (2.7%) and Fe^’*' (1.7%). 

Pliys. Thick tablets, no cleavage. 

DIVISION C. HYDKATF.D ARSENATES W ITHOUT 

ADUITIONAE AMONS 

1. PICROPHARMACOLITE GROUP. Triol. -^orth., S.f;. not (let., 7 = 1;4 

a b c pH 

H,Ca,Mg(H20),jAs04)4 13.55 13.56 6.74 2,62 - 
a= 99°38' P = 96"07' y= 9U31 

CujCHpijAsOjj 26.95 5.58 10.36 (3.5) 3 

Str. Not established, parameters of picropharmacolite based on 

the data of Abona et al., 1969 [898]. The rational name is to be preferred, 

as picropharmacolite can lead to misunderstanding. 

Chem. Ca:Mg ratio is not constant (Dana, [154]); in trichalcite some 

As is replaced by P [154 ]. 

Phys. Needles, cleavage in one direction. Trichalcite is platy. 

Pi cropharmacol ite 

Trichalcite 



516 III. OXYGEN COMPOUNDS 

2. LINDACKERITE GROUP. Mon.^tricl. 

a b c P Z P H 

Lindackerite H2CuJH20)9 fAs04)4 3.95 8.02 6.28 100° 30' 1 3.3 2.5—3.5 

Rosslerite HMg(H.20),(As04| 6.73 25.92 11.61 95° 23' 8 1.93 2.5—3.5 

Chudobaite NaHMg2(H20)4(As04]2 7.69 11.37 
a = 115° 

6.59 
10' T = 

95° 54' 
94° 06' 

2 2.91 3—3.5 

Str. Not known; assigned to a group from composition. Space group 

of rosslerite C\^-C2/c (Fischer, 1960 [899]). 

Chem. Data inadequate. Cu in lindackerite replaced by Co (2.3%) 

and Ni (1.5%); Na in chudobaite replaced by K (2%) and Mg by Zn (11.5%) 
and Mn (2%). 

Phys. Lindackerite tabular, rosselerite columnar, chudobaite 

isometric. Cleavage on (010) perfect, on (100) and (001) (lindackerite) 

moderate. Imperfect cleavage on (111) in rosslerite. 

HYDK.4TED 4RSENATK.S WITH 

ADDITIONAL ANIONS 

Subdivision I. Siniplo 

1. EUCHROITE GROUP. Orth. ^ mon. 

S.g. a b c Z p H 

Cu*(H20)a{As04]0H D^ —P2,2iA 10.07 10.52 6.12 4 3.4 3.5—4 

Cu,(H,0)2,5LAs0J,(0H)2 C\f, — PZ'm 9.70 18.98 9.13 6 3.8 (4) 

p = 9r’i5' 

Str. Chains of distorted Cu octahedra along c axis linked by ASO4 

tetrahedra to form uneven layers parallel to (100). Interatomic distances: 

Cui-02(0H)2(H20)2 = 1.97 (2), 1.99 (2), 2.41 (2); C 11^-03(OH)(H20)2 = 
2.11 (3), 2.01, 2.37 (2); AS-O4 = 1.67 (Finney, 1966 [900]). 

Phys. Isometric, highly imperfect cleavage; strashimirite is scaly 

and fibrous [ 1301]. 

2. LEIIR.MNDITE GROUP. Mon.. — P2Jc, Z = 8 

a b c ^ pH 
Legrandite ZHj (H^O) [ASO4I 011 12.80 7.94 10.22 104° 12' 4.0 (4,5—5) 

Str. Not known; formula and space group recently revised (Finney, 

1963 [901]; Desaultels and Clarke, 1963 [902]). 

Euchroite 

Strashimirite 
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Chem. Zn replaced by Mn (1.7%) and Fe (1.4%). 

Phys. Columnar, moderate (100) cleavage. 

3. HEMAFIBRITE GROUP. Orth.^mon. 

S.g. a b c Z P H 

Hemafibrite MnHHjO) [As04l(0H)3 D\l—Pbnm{?) 9.87 10.7318.84 12 3,7 3.5 

Liskeardite AI3 (H.20)5 [ASO4] (OH/j — — — — 3,0 4 

Arsenobismite Bi4(H20)[As04h(OH)3 (?) — — — — 5,/ 3 

Sarmientite FeyHp)^ [As0J[S04] OH Cln-P2/c 6.55 18.55 9.70 4 2.58 — 
/3 = 

Str. Not known. Hemafibrite has columnar crystals, moderate 

(100) cleavage; the others occur as cryptocrystalline aggregates. The par¬ 

ameters of hemafibrite are given in [1164], those of sarmientite in [1397]. 

Suljdivision II. Complex 

1. ARTHURITE GROUP. Mon., s.g. not clet., Z - 1 

a b c P pH 

Arthurite Cu2Fe4 (Hp)8 [A.s04]4(OH)4 10.09 9.62 5.55 92° 12' 3.1 — 

Str. Not known. Occurs as cryptocrystalline masses and en¬ 

crustations. The cell contents of arthurite have been redetermined by Davis 

and Hey [1299]. 

2. LIROCONITE GROUP. Mon., — /2/a, Z = 4 

a b c P PH 

Liroconite CujAl (H20)4 [ASO4] (OH)4 12,70 7.57 9.88 91° 23' 3.1 2.5—3 

Ceruleite CuAU ^^0)4 [As04]2 (OH)^ - - - - 2,80 (3..5) 

Str. Known only for liroconite; ASO4 tetrahedra alternate with 

A102(0H)4 octahedra to form chains linked by Cu in very distorted oc¬ 

tahedral coordination to O, OH, and H2O. Interatomic distances: 

Cu-02(0H)2(H20)2 = 1.98 (2), 1.98 (2), and 2.61 (2); Al-02(OH)4 = 1.89 (2) 

and 1.92 (4); AS-O4 = 1.65 (Giuseppetti et al., 1962 [903]; Kolesova, 1967 

[980]). 

Chem. As in liroconite replaced by P (<3.7%) and Al by Fe (<1%). 

Var. P04-liroconite. 

Phys. Tabular to isometric, imperfect cleavage on (110) and (Oil) 
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3. TYROLITE GROUP. Orth.^mon. 

a b c Z P H 

Chenevixite Cu2Fe2(H20)(As04]2 (OH)4 12,3 15,4 10,7 — 8 3,9 4 

Ty roli te CajCUg (H20)io fAs04|4 (OH)|0 10,50 54,71 5,59 — 4 3,3 2—2,5 

Akrochordite MgMn4 (H20)4(As04|2(0H)4 5.70 17.60 6.75 99° 48' 2 3,2 3,75 

Str. Not known, assigned here only from composition. Space group 

of tyrolite D|j^-Pmnfi (?); of akrochordite, Cl^-PZ^/C [1164]. 

Chem. Fe in chenevixite replaced by A1 (<2.3%) and As by P (<2.3%). 

As in tyrolite replaced by S (:<2„45%). 

Var. PO4-chenevixite, SO4-tyrolite, 

Phys. Chenevixite and tyrolite have platy to tabular crystals. Tyro¬ 

lite has perfect (001) cleavage and low hardness; it may have a layered 

structure. 

4. L.4VENDULAN GROUP. Orth. —*mon. , s,g, not det,. N
 

C
O

 

00
 

a b c p H 
La vendu Ion NaCaCus (H20)5 [As04]4C1 9,73 41.0 9,85 3,5 3.5-4 

Zinklavendulan NaCaZri; (HjO); [AsO.,]., Cl 9.87 38.7 9.99 (:3.61 (4) 

Shubnikovite KCaCus(Hp)jAsOj^Cl 30.1 14.01 14.08 3.4 (3.5) 
/3= 90“ 

Str. Not studied, but isostructural with sampleite, a phosphate of 

analogous composition (Strunz, 1957 [113]). Zinklavendulan data after Strunz 

(1960 [1298]); shubnikovite was discovered by Nefedov [1306]. 

Phys. Occurs as platy aggregates, perfect (010) cleavage. 

Subclass 3. Cliain 

DIVISION \. ANHYDHOUS 

1. WEILITE GROUP. Tricl,, C/ — P\. Z = 2 

a b c a p -(pH 

Weilite CalHlAsO^Dci 7,11 6.94 7.15 94° 19' 101°35' 87° 22' 3.5 (3,5) 

Str. Isostructural with monetite CaHP04. Morphology not known 

(occurs as pseudomorphs after pharmacolite). Artificial crystals tabular 
(Pierrot, 1964 [904]). 
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DIVISION B. HYDBATEI) 

1. MIXITE GROUP. Hex.. Cl^—P6Jm or C® — P63, Z = 2 

Mixite CU(,Bi(H20)3[As0J3(0H)^ V 

a 

13.63 

c 

5.90 

P 

3.8 

H 

3—4 

Ch loroti 1 e CugCHjOlgl AsO., ]3(0H)3 T 13,61 5.90 (4,0) 3—4 

Agard ite Cu,Y(HP)3[AsOJ3(OH),T 13,55 5.87 3.7 (4) 

Str. Not knowHo It is very unusual for two minerals of substan¬ 

tially different composition to have almost identical structures (Walenta, 

1960 [905]). Previously considered as identical (synonyms). 

Chem. Mixite has Cu replaced by Zn (2.7%) and Fe (1.5%); agardite 

has Y replaced by Ca (2.6%) and TR (1.2%) (Dietrich et al., 1969 [1300]). 

Phys. Thin needles to fibers, elongated on c axis with longitudinal' 

striation. Imperfect cleavage on pyramid. 

2. BEARSITE GROUP.Mon., C* — Cc or — C2/c, Z=12 

a 6 c p p H 

Bearsite Bej (HjO)* [AsOi] OH ^ 8.55 36.90 7.13 97° 49' 2,20 (4) 
(behyosite) 

Str. Not known, but isostructural with moraesite 802(1120)4[P04]OH, 

whose parameters are precisely those of bearsite (Kopchenova and Si¬ 

dorenko, 1962 [906]). 

Phys. Acicular and fibrous (on c axis), aggregates of tangled fibers. 

3. ROSELITE GROUP. M on.—rtricl., Z — 2,1 

S.g a b c 0 P H 

Rosel ite - P2Jc 5,61 12,83 5,61 100° 45' 3,8 3,5—4 

Ca2 {Co (H20)2 [As04]2} 1 
00 

Brandtite 5,66 12,83 5,66 99° 30' 3,7 3,5-4 

Ca2 (Mn (H20)2 f As04]2 

Tri cl inorosel ite Tricl. . _ _ _ 3,7 3,5—4 

Ca2 (Co (H20)2 [As04]2} 
T almessite 

1 
00 

C] — P\ 5,89 7,69 5,56 70° 49' 3,4 3,5—4 

Ca2 (Mg (H20)2 [As04]2) 
1 

00 
a = 112° 38' -f = l 119° 25' 

Str. Roselite and brandtite are isostructural with the chain min¬ 

eral krohnkite Na2{Cu(H20)2[S04]2}io" Triclinoroselite and talmessite 

are very similar to the first (see cell parameters). The chain pattern 
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a b 

Fig. 235. Structure of roselite in two projections showing; a) the Co oc- 

tahedra surrounded by two As tetrahedra, b) chains of Co octahedra and As 

tetrahedra. Ca atoms shown by circles. 

is produced by Co(Mn, Mg)—04(H20)2 octahedra, which are linked via com¬ 

mon O vertices with ASO4 tetrahedra into chains along the c axis (Fig. 

235). These chains are linked together by Ca atoms (CN = 7) forming nets 

parallel to the a axis. Interatomic distances; in brandtite Ca—O0(H2O) = 

2o46 (6) and 2.37; Mn-04(H20)2 = 2.19 (2), 2.27 (2), and 2.11 (2); AS-O4 = 

1.67 (Dahlman, 1952 [296]); in roselite Ca—0@(H20) = 2.17-2.78; Co— 

04(H20)2 = 2.03 (4), 2.12 (2); AS-O4 = 1.72 (Mustafaev et al., 1964 [297]). 

Chem. Co in roselite replaced by Mg up to 1:1; brandtite contains 

Mg (1%) and Pb (1%); triclinoroselite has Co replaced by Ni (1.4%) and 

Mg (8.6%); talmessite has Ca replaced by Ba (3.2%). 

Var. Mg-roselite, Mg-triclinoroselite, Ni-triclinoroselite, Ba- 
talmessite. 

Phys. Short columns, also radially radiated aggregates; perfect 
(010) cleavage. 

4. VLAUIMIRITE GROUP, Mon.->tricl.. Z = 4 

S.g. a b c p P H 

Sainfeldite (H20)4 [As04]4 C2,, — C2/c 18.64 9,81 10.12 97° 3.0 — 
Vladimirite H2Ca,(H20),fAs04l4ci> Cj/, - P2,/c 5,81 10.19 22.75 112°41' 3,2 — 
Guerin ite ^2Ca5 (H20)9 [ ASO4 I4 (i Not det. — — — — 2,68 — 
Rouenthal ite Cag (H20)h) [As04]2 cn Trick (?) — — — — 2.36 — 

Sir. Not known; assigned to chain type from morphology and crys- 

tallochemical arguments. Cell parameters from Pierrot (1964 [904]). 

Chem. Composition extremely constant. 

Phys. Laths and needles, radially radiated spherical aggregates, 
'avage and hardness not reported. 
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Subclass 4. Layer 

DIVISION A. WITHOUT WATER AND ADDITIONAL ANIONS 

1. HALLIMONDITE GROUP. Tricl., c] — PI, Z = 2. 

a b c p H 

Hal I imondite PbHlUOj) (AsOAlad, 7,12 10,47 6.84 6.4 3-3.5 
a = 100°34' p = 94°.48' -( = 91°16' 

Str. Not known; assigned from morphology and crystallochemical 

arguments. 

Chem. Data inadequate; formula derived by comparison with syn¬ 

thetic material (Walenta, 1965 [907]). 

Phys. Tabular to platy, cleavage not observed. Biaxial positive. 

2. SCHULTENITE GROUP. Mon.. — P2/a [C] — Pa), Z = 2 

a b c p ^ H 

Schultenite HPb[As04]<|, 5,83 6,76 4,85 95°24' 6,1 2,5—3 

Str. Differs from monetite CaH[P04] in having a preferred distribu¬ 

tion of bonds parallel to (010); Pb has CN = 8. Mean interatomic distances: 

Pb-Og = 2.72; AS-O4 = 1.76 (SR XIII, p. 309 [908]). 

Phys. Tabular on b axis, moderate (010) cleavage. 

DIVISION B, HYDRATED WITHOUT ADDITIONAL ANIONS 

1. URANIUM-MICA GROUP 

There are three subgroups, which are differentiated on details of 

structure and water content, the water being partly zeolitic; zeunerite 

(HgO > 8), metazeunerite (8H2O), and abernathyite (3H2O). 

Zeunerite subgroup, Tetr„ — I4/mmm or c: Ah PWn. Z=2 

Zeun eri te 
Cu (HaO)^ [UO2 (AsOJh • nH-iOd, 

Magurasphyl life 
Mg (H20)g [U02(As, P)04]2 ■ nH20OT 

Hein ri chi te 
Ba (H2O), [UO2 (As04)]2 • nH20^ (?) 

a c P H 

7,18 21,06 3,5 2—3 

7,16—7,02 20,19—19,81 3,7—3,2 2—3 

7.13 20.56 — 2—3 
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Melazeunerite subgroup. Tetr. 

S.g. a c Z P H 

Metazeunerite Clf, - Pi/n (?) 7.12 17.45 2 3,8 2—3 
Cu [UO2 (As04)l2 

Metokirchheimerite 14.29 21.92 4 3.3 2—3 —14/mmm 
C0(H20)8[U02(As04)]2 S 

Kah lerite —74/mmm 14. .30 21.97 4 _ 2-3 
Fe (H^O), IUO2 (A,s04)]2 S, 

Metonovaceki te elk - P4/n 7.12 8.60 I 3.5 2—3 
Mg (H3U)4(U02 (As04)]3(^ 

Uranospinite 7.19 8.81 1 37 2—3 dI/j — PA/nmm 

Ca (H20)8[U02(As04)].2 ^ 

Aliernathyit p .subgroup. Tptr. 

S.g. a c Z P H 

Metaheinri chite cl -P4, 7.07 17.74 2 4.1 2—,3 
Ba (H20)7 (UO2 (As04)]2ck (?) 

Naurasphy Hite Not det. 7.12 8.61 2 3.8 2—3 
Na (H20)3[U02 (As04)]^ 

Abernathyite — P4/ncc 7.18 9.08 2 3.6 2—3 

K(H20)3[U02 (As04)]c& 
Trogerite D\f^ — P4/nmm 7.16 8.80 2 3.6 2—3 

H3O (H30)3 [U02(As04)]c^ 

Sir. The layer pattern is due to strong bonds between the ASO4 

dicals and the (1102)04 polyhedra, which form corrugated tetragonal layers 

of composition [U02(As04)]{^- (Fig. 236) parallel to (001). These layers 

are connected mainly by hydroxyl-hydrogen bonds from water molecules 

in a square (Fig. 56b), the centers of half of the squares in the meta- 

zeunerite subgroup being filled by Cu(Mg, Ca) atoms, which are also linked 

to the O atoms of the uranyl groups. These centers remain empty in the 

abernathyite subgroup, while one HjO is replaced by Na, K, or H3O. In¬ 

teratomic distances in metazeunerite: Cu-(H20)402 = 2.14 (4), 2.55, and 

2.58; U-O2O4 = 1.94, 1.78, and 2.18 (4); AS-O4 = (Hanic, 1960 [909]); 

in abernathyite K-(H20)30 = 2.80 (3) and 3 .25; U-O2O4 = 1.81, 1.71, and 
2.35 (4); AS-O4 = 1.68 (Ross and Evans, 1T64 [299]). 

o© •© 
^ Ou U /Js 

Fig. 236. Structure of tU02(As04)][J- layer in zeunerite. 
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Chem. Composition varies only from As—P isomorphism, which is 

perfect for magurasphyllite, so the former novacekite and saleite become 

the subspecies arsenomagurasphyllite and phosphoromagurasphyllite. 

The P content of the other minerals does not exceed 3-5%. The water 

content in the zeunerite subgroup (n of 2-4) is dependent on the atmospheric 

humidity. 

Var. Fe-zeunerite, P04-trdgerite, P04-metaheinrichite. 

Phys. Tabular and platy; perfect (001) cleavage, moderate to im¬ 

perfect on (100) and (OlO). 

2. ERYTHRITE GROUP. Mon.^tricl. 

S.g. a b c P Z P H 

E rythrrte 

(Co. N i {H20)^ f As04]2 
C2h — C2/m 

2 
CO 

10,20- 

10.14 

- 13.37— 

13,13 

4,74— 

4,71 

105°01'- 

104°45' 

-2 3,18- 
3,23 

-2—3 

Kottrgite CL — C2/m 10,13 13,34 4,71 103°51' 2 3,3 2—3 

Zn3 {H20)r [ ASO4 ]2 S'' 
Clinosymplesite CK - C2/m 10,25 13,48 4,71 103°50' 2 3,1 2—3 

Fe3(H.,0)8 [As04k<S, 
Manganesehoernesite CL - P2Jc 10.38 28.09 4.77 105°40' 4 2,90 1 C

O
 

Mn3 (H20)g [As04]2cx) 

Hoernes ite 

Mg3 (H20)8 [As04]2rt? 

Cl^-C2/m 10.26 13.44 4.74 104°54' 2 2.57 2—3 

Symplesite 

(H20)8 [As04]2(X) 

c\ — P~l 1 7.87 

a — 

9.41 

99°55' f 

4.72 97°23' 

= 105°58' 

1 3,0 2—3 

Str. Vivianite Fe3(H20)8[P04]2 type, layer pattern parallel to (010) 

produced by strong bonds between As04(P04) tetrahedron and Fe(0, H20)g 

octahedra, which are linked via common O vertices (Fig. 249). Single 

and paired octahedra alternate in the layers, which are connected via 

hydroxyl-hydrogen bonds between water molecules coordinated to Fe. 

Interatomic distances in symplesite; Fe—(O, H20)g = 2.01; As—O4 = 1.65 

(Mori and Ito, 1950 [911]). Lattice parameters for hoernesite according 

to the data of Koritnig and Siisse (1966) [1115]. 

Chem. Perfect Co-Ni isomorphism in erythrite enables us to group 

the former species as the two subspecies cobalt erythrite and nickel- 

erythrite. The following isomorphous components also occur: in eryth¬ 

rite: Ca (<9.3%), Zn (<8.5%), Mg (<6.2%), Fe (<4%); in kbttigite Co 

(6.9%) and Ni (2%); in symplesite the Fe^^ is replaced continuously by 

Fe'^”^ to give ferrisymplesite Fe'^"^(H20)5 [As04]2(OH)3^, as for the Fe^’’" —Fe^’*' 

series of vivianite (the kerchenites). The details have not been examined. 

Var. Ca-nickel erythrite, Zn-nickel erythrite, Mg-nickel eryth¬ 

rite, Fe-cobalt erythrite, Co-kbttigite, Ni-kbttigite, Fe'^+-symplesite. 

Phys. Platy to tabular, perfect (010) cleavage. 
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.1. PHARM.XCOLITE GROUP. Mon.-H>ortIi. 

S.g. a b c Z p H 

Pharmacolite HCa (H20)2 [As04]c|, C\f^ — C1/c 6.01 15.58 6.32 4 2.70 2—3 

P= 114°43' 

Haidingerite HCa (H2O) [ASO4)oH — Pcnb 6.95 16.14 7.93 8 2.93 2—3 

Str. Pharmacolite is homostructural with gypsum, the layer pat¬ 

terns in both being produced by a symmetrical distribution of the weak 

hydroxyl-hydrogen bonds perpendicular to (OlO). Haidingerite has ASO4 

tetrahedra connected into chains by hydrc^en bonds, these forming (with 

Ca octahedra) layers parallel to (010), which are connected by H2O, the 

H2O—O distance being about 2.60 Interatomic distances: Ca—O5H2O = 

2.37-2.51 (mean 2.41), AS-O4 = 1.62-1.76 (mean 1.68) (Cassien et al., 
1966 [912]). 

Phys. Short columns to thick tablets, perfect (010) cleavage. 

DIVISION C. HYDRATED WITH ADDITIONAL ANIONS 

1. WALPURGITE GROUP. Trirl., C\-PU?), Z=1 

a b c p H 

Walpurgite Bi4 (H20)3 [(UO2) (A$04)204]cx) 7.13 10.44 5.49 6.7 3—3.5 

a =10040' p=110°49' 7 = 8807' 

Str. Not Imown; assigned from properties and crystallochemical 
arguments. 

Chem. As replaced by P (<5.9%). 

Phys. Tabular and platy, perfect (010) cleavage. 

2. ARSENURANYLITE GROUP. Orth., D2), — Bm/n6(?), Z = 6 

a b c p H 

Arsenuronylite 15.40 17.40 13.77 (4 2) (2—3) 
Ca (H20)„ [tU02)« (As04)2 (0H)4|<|^ 

Hugelite Mon. P=119°48' 5 1 3 
Pb2(H20)3 [(1102)3 (As04)2 (0H)4|(|, 

Sir. Not known. Arsenuranylite is isostructural with phosphuranyl- 

ite, which is platy and has perfect (001) cleavage. Hiigelite should be iso¬ 

structural with dumontite (Hey, 1963 [323]); perfect (100) cleavage. 
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3. CHALCOPHYLLITE GROUP. Trig,, — Rim, Z = 3 

Oh c,, p H 

Chalcophyllite {CugAI (H20)3 [AsO^] [SO4] (OH)io) • SH.O<?, 10.77 57.51 2.67 2—2,5 

Str. Not known; assigned from morphology and properties. 

Chem. Some variations in Cu:Al and As04:S04 ratios. Half of the 

H2O is lost at 110°C but re-enters the lattice in moist air. 

Phys. Tabular and platy, perfect (0001) cleavage. 

Inadequately Characterized and Doii])tful 

Arseniopleite (Ca,Mn)4(Fe, Mn)3[As04]4(0H)5 • 2H2O (?) 

Arseniosiderite Ca3Fe4[As04] (OH)4 • 4H2O 

Bukovskite Fe2[As04][S04]0H • 7H2O 

Forbesite H(Co, Ni)[As04] • 4H2O ( ?) 

Kerstenite Fe2[As04](OH)3 • 4.5H2O (?) 

Pitticite Fe2^[As04, PO4, 804143(OH)24 • 9H2O, 

Smolyaninovite (Fe, Al)2(Co, Ni, Mg, Ca)4[As04]40 • IIH2O (?) 

Yukonite Ca3Feg(As04]5(OH)45 • I2H2O (?) 
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Subclass 1. Framewo r k 

Division A. Without Water and Additional Anions 

lo Berlinite A1[P04]^ group 

2. Hurlbutite Ca{Be2[P04]2} ^ group 

3o Beryllonite Na{Be[P04]}^ group 

Division B. With Additional Anions 

1. Amblygonite Li{ A1[P04](0H, F)| ^ group 

Division C. Hydrated Without Additional Anions 

Variscite (Al, Fe)(1120)2[P04l^ group 

2. Kehoeite CaZn3[(H3AlP)8 048l • 16H20^ group 

3. Ilopeite ZnZn2(Il20)4[P04l2fo group 

4. Anapaite Ca2Fe(H20)4[PO412^ group 

Division D. Hydrated with Additional Anions 

1. Eosphorite (Mn, Fe)Al(H20)[P04](0H)2f„ group 

2. Turquoise Cu(Al, Fe)6(H20)4 [P04]4(0H)8L group 

526 
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Subclass 2. Insular 

Division A. Without Water and Additional Anions 

Subdivision I. Simple 

1. Heterosite (Mn; Fe)[P04] group 

2= Xenotime Y[P04] group 

3o Monazite Ce[P04] group 

4o Whitlockite Ca3[P04]2 group 
5. Lithiophosphate Li3[P04] group 

Subdivision II, Complex 

1, Graftonite CaMn2Fe3[P04]4 group 

2, Arrojadite Na2(Mn, Fe)5[P04]4 group 

3, Hagendorfite Na2(Mn, Fe)2Fe[P04]3 group 

4, Triphylite Li(]VIn, Fe)[P04] group 

Division B. With Additional Anions and Radicals 

Subdivision!. Simple 

1. Augelite Al2[P04](0H)3 group 

2. Libethenite CuCu[P04]0H group 

3. Pseudomalachite Cug [P04]2(0H)4 group 

4. Cornetite Cu3[P04](0H)3 group 

5. Triplite (Mn, Fe)2[P04]F group 

6. Apatite Ca2Ca3[P04]3(OH, F) group 

Subdivision II. Complex 

1. Crandallite CaAl3[P04]2[(0H)5H20] group 

2. Dufrenite FcgFOg[P04]4(0H)42 gi’oup 

3. Rockbridgeite (Mn, Fe)Fe4[P04]3(0H)5 group 

4. Lazulite (Mg, Fe)Al2[P04]2(OH)2 group 

5. Palermoite SrAl2[P04]2(0H)2 group 

6. Brazilianite NaAl3 [P04]2(OH)4 group 

7. Griphite Na3CaMn4Al2[P04]5(OH)4 group 

8. Belovite NaSr3Ce[P04]0H group 

9. Isokite CaMg[P04]F group 

Division C. Hydrated Phosphates without Additional Anions 

1. Rhabdophane Ce(H20)[P04] group 

2. Phosphoferrite (Mn, Fe)3(H20)3[P04]2 group 

3. Hureaulite H2Mn5(H20)4[P04]4 group 

4. Struvite NH4Mg(H20)g[P04] group 
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Division D. Hydrated Phosphates with Additional Anions 

Subdivision I. Simple 

1. Beraunite Fe3(H20)2[P04l2(0H)3 group 

2. Wavellite Al3(H20)5 [P04]2(OH)3 group 

3. Veszelyite (Zn, Cu)3(H20)2[P04](0H)3 group 

Subdivision II. Complex 

1. Overite Ca3Al8(H20)i5 [P04]3(OH)e group 

2. Morinite Na2Ca4Al4(H20)5 [P04]402Fe group 
3. Wardite NaAl3(H20)2[P04]2(0H)4 group 

4. Minyulite KAl2(H20)4[P04]20H group 

5. Roscherite CaMnFeBe3(H20)2[P04]3(0H)3 group 

Subclas s 3 . Chain 

Division A. Anhydrous 

1. Vayrynenite Mn{Be[P04]0H} i group 

2. Monetite Ca{H[P04]} group 

Division B. Hydrated 

1. Moraesite Be2(H20)4[P04]0H^ group 

2. Ludlamite Fe2(H20)2{Fe(H20)2[P04]2}i group 

3. Fairfieldite Ca2{Mn, Fe)(H20)2[P04]2}i group 

Subclass 4. Layer 

Division A. Without Water and Additional Anions 

1. Parsonsite Pb[(U02)(P04)2] ^ group 

Division B, Anhydrous with Additional Anions 

1. Herderite Ca{Be[P04](0H, F)}^ group 

Division C. Hydrated without Additional Anions 

1. Uranium mica R(H20)j4[U02(P04)]2|, group 

2. Churchite Y(H20)2[P04]^ group 

3. Vivianite Fe|txFe^+(H20)8_x[P04]2(0H)x^ group 

4. Taranakite K3H6AI5 (H20)8 [P04]8^ group 

Division D. Hydrated with Additional Anions 

1. Phosphuranylite Ca(H20)8[(U02)4(P04)2(0H)4l^ group 

2. Dumontite Pb2(H20)3[(U02)3(P04)2(0H)4]^ group 

3. Metavauxite-laueite Fe(H20)4{Al2(H20)2[P04]2(OH)2} • 2H20^ 

and Mn(H20)4{Fe3+(H20)2[P04]2(0H)2}- 2K2OI 

Inadequately C haracterized and Doubtful 

group 

, group 
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Subclass 1. Framework 

(In part aluminophosphates and beryllophosphates) 

DIVISION A. WITHOUT WATER AND ADDITIONAL ANIONS 

1. BERLINITE GROUP. Trig., —P3i21, Z = 3 

P H Cl. 

Berl i ni te (a Iph ite) A1 [PO4] <x> 4.94 10.96 2.62 ~6.75 None 

Str. Homostructural with quartz (c^ doubled), with alternation 

of PO4 and AIO4 tetrahedra linked by vertices. The P —O4 and Al—O4 dis¬ 

tances are close to standard, namely 1.52 and 1.74 respectively. Pa¬ 

rameters and space group recently revised (Sharan and Dutta, 1964 [913]; 

Schwarzenbach, 1966 [914]). 

Chem. Composition constant. 

2. HURLBUTITE GROUP. Mon., C^, — P2i /c, Z = 4 

a b c fi pH 

I 8 29 8.80 7.81 w90° 2,88 6,5 

Str. Of the type of paracelsian or 

danburite; framework formed by PO4 and 

Be04 tetrahedra, each one being linked via 

vertices to four of the other t5P»e (Fig. 237). 

The tetrahedra form regular four-sided 

and elongated eight-sided rings in the xy 

plane. Ca has CN = 7 (a trigonal prism 

plus half an octahedron). Interatomic dis¬ 

tances; Ca—Oy = 2.47; Be—O4 = 1.61; 

P-O4 = 1.54 (Bakakin, 1963 [301]). 

Chem. Composition constant. 

Phys. Nearly isometric, no cleavage observed. 

3. BERYLLONITE GROUP. Mon., — P2i/rt, Z= 12 

a b c ^ P H 

Beryllonite Na (Be [PO4]) I, 8.16 7.79 14.08 90“ 2.81 6-6.5 

Str. Framework of somewhat distorted PO4 and Be04 tetrahedra 

joined by vertices into six-sided rings; the Na atoms lie between these 

(k of 6 and 9), the Na polyhedra with CN = 9 being joined by edges into col- 

Hurlbutite Ca {Be2[P04]2} 
(calcberyphite) 

Fig. 237. Array of 6004 and PO4 terra 

hedra in the framework of hurlbutite. 
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Fig. 238. Structure of beryllonite in 

projection on (100). 

-►c 

umns parallel to thee axis (Fig. 238). Pairs of coupled Naoctahedra are 

oriented in the same direction. Interatomic distances: Na-Og = 2.68-2,22; 

Na—Og =2.51-2.82; Be—O4 = 1.58-1.66; P—O4 = 1.48-1.56 (Golovastikov, 
1961 [302]). 

Cheni. Na replaced by Ca (0.4%) and K (0.9%). 

Phys. Nearly isometric, perfect (010) cleavage, moderate (100). 

DIVISION B. WITH ADDITIONAL ANIONS 

1. AMBLYGONITE CROUP. Tricl., C‘ — PT, Z = 2 

a b c p H 

Amblygonite Li {A1 [PO,] (OH, F) j <1, 5,06 5,16 7,08 2,98—3,11 6—6,5 

a = 109°52' p = 107°30' 7 = 97^54' 

Natromontebrasite Na (Al[P04]OH}ro — — — 31 5 5 5 

Tavorite Li (Fe [PO4] OH) _ _ _ 3_3 (5,5—6) 

Str. Framework pattern produced by vertex coupling of A1 octa- 

hedra and PO4 tetrahedra (Fig. 239a). There are no large holes, which 

is reflected in the relatively high density. Li has CN = 5 and lies in the 

small holes between the PO4 tetrahedra and thd nearest A1 octahedra (Fig. 

239b), where two Li(0; OH, F)5 polyhedra are joined by a common face to 

give a distorted octahedron, the probability of finding Li in either half 

being 1/2 (Simonov and Belov, 1958 [303]). Two types of chain may be dis¬ 

tinguished: continuous ones along the b axis composed of A1 octahedra, 

and ones along the c axis composed of alternate Al octahedra and P tetra¬ 

hedra. Interatomic distances: Li-04 (OH, F) =2.1 (2), 2.3, 2.0 (2); 

A1-04(0H, F)2 = 1.88; P-O4 = 1.54. 

Chem. Amblygonite has perfect F-OH isomorphism, which gives 

the subspecies fluoramblygonite and hydroxylamblygonite. Li is replaced 

by Na to a limited extent (<5.3%), and there is often some HgO (up to two 
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Fig. 239. Structure of amblygonite; a) framework of A1 octahedra and P tetrahedra, 

b) chains of A1 octahedra parallel to b axis. 

molecules per unit cell). Natromontebrasite has Li replacing l/3 of the 

Na. Tavorite has Fe^"^ replaced by Fe^'*' (<2.4%) and Mn (<1.5%). 

Var. Na-fluoramblygonite, Li-natromontebrasite, Fe^^-tavorite. 

Phys. Isometric or short columns on b axis, perfect cleavage on 

(100) and (110), both of which planes do not intersect the P-O bonds, which 

are the strongest in the structure. 

DIVISION C. HYDRATED WITHOUT ADDITIONAL ANIONS 

1. VARISCITE GROUP. Orth., — Pca6 ^ nion. 

a 6 c Z P H 

Van scite (Al, Fe)(H20)2[P04j(l, 9.85— 9.5.5— 1 : 
0

 
LC 
□6 — 8 2,57- 5—4 

10.05 9.80 8.65 2.87 

Clinovariscite Al (H20)2[P04]c^ 5.14 9.45 8.45 -90° 4 2.54 4—4.5 

Clinostrengite Fe (H20)2 [PO4] d; 5.32 9.75 8.65 90°36' 4 2,76 3,75—4 

Sterretti te Sc(H20)2[P04)cI> 5.45 10.25 8.93 90°45' 4 2,35 5—5,5 

Kon i n ckite Fe (H20)3 [PO4I (XI Tetr. 11,95 — 14.52 — 16 2,30 3,7.5 

Sir. Isostructural with scorodite; A1 and Fe have CN = 6 (four O, two 

H2O). The four O of an (Al, Fe) octahedron are in common with four dif¬ 

ferent P tetrahedra, the framework thus being heterogeneous (Kiriyama 
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and Sakurai, 1949 [887]; Moore, 1965 [915]). Clinovariscite is closely related 

to variscite; it and the others in the group (except possibly the last) differ from 

variscite in having a halved. The interatomic distances are for clinovariscite: 

A1-04(H20)2 = 1.85-1.94 (dm 1-90), P-O4 = 1.50-1.55 (d^ 1.52); for clino- 

strengite: Fe-04(H20)2 = 1.94-2.12 (dm2.01), P-O4 = 1.49-1.53 (dm 1.52) 

(Borensztain, 1966 [916]). The cell parameters of koninkite are after data 

by Van Tassel (1968 [1163]). 

Cheni. Variscite has perfect Al —Fe isomorphism, subspecies alumo- 

variscite and ferrivariscite. Cr (iiO.7%) occurs as a minor component, 

Clinovariscite and clinostrengite appear not to have perfect Al—Fe iso¬ 

morphism, Sterrettite contains ~9% Be and Si, 

Var, Cr-variscite, Fe-clinovariscite, Al-clinovariscite, Be-sterrettite. 

Phys. Short columns to thick tablets, (010) cleavage moderate. 

2. KEHOEITE GROUP. Cubic, s.g. not det., Z -- 2 

dp H 

CaZna [(H3AlP)e048] IGHjOcx, 13,70 2.34 (3,5—4.5) 
NaCa^ {[(Hals AlioSkPslO^) SHjO <1, 13.65 2.20 (3.5—4.51 

Str. Homostructural with analcime Na[AlSi20g] » H20i,, having iden¬ 

tical parameters and density. McConnell (1952 [917] and 1964 [306]) 

assumes that PO4 and AIO4 are replaced by H3O4 tetrahedra (in place of 

H4O4 in insular structures), which give [11302]“ tetrahedra on linking via 
common vertices. 

Chem. Only minor isomorphous components. 

Phys. Occurs as continuous masses. 

3. HOPEITE GROUP. Orth.-> nion.^triol. 

Hopei te 

Phosphophy11 i te 

Parahopeite 

(triclinohopeite) 

ZnZn,(H20)4 fPO^kJ. 

FeZn2(H20)4(P04!2^ 

ZnZn.3(HjO)4|PO..h^ 

S.g. a b c ^ Z p H 

DaJ, — Pnma 10.64 18.36 5.04 — 4 3.13.5—3,75 

C\k—10.23 5.08 10,49 120°15'2 3,13.5—3,75 

C;.—PT 5.77 7.55 5.30 91°55' 1 3.3 4 

a = 93° 18' 7 = 91° 19' 

Str. Ilopeite (Gamidov et al., 1963 [304]) and phosphophyllite (Kleber 

et al., 1961 [918]) have two Zn atoms with CN = 4 and one Zn atom (Fe in 

phosphophyllite) with CN = 6, two O + four H2O (Fig. 240a). Each O atom 

around Znj belongs to a different PO4 tetrahedron. At two vertices of 

Zn04 there are also two Zn04 tetrahedra, which together give rise to 

[Zn20g]oo chains along the c axis (Fig. 240b). The two-layer close packing 

produces a similarity to the diaspore-goethite structure. Zn^ (Fe in 



CLASS 7. PHOSPHATES 533 

b 

a 

Fig. 240. Structure of hopeite; a) framework of Zn polyhedra and P retrahedra; 

b) polar [Zn20e]^ chains surrounded by P tetrahedra (hatched). 

phosphyllite) is linked via two oxygen vertices to PO4 tetrahedra to give 

a framework, 70% of which is made up by two-vertex linking of poly¬ 

hedra. There is a very close relation between hopeite and phosphophyllite; 

hopeite can be considered as microtwinned phosphophyllite, because its 

b parameter is /3 times the a parameter of phosphophyllite. The mean 

interatomic distances are close to standard; Zn-04 ~ 1.96; Zn-02(H20)4 ~ 

2.15; P—04- 1.54. In parahopeite: Zn —O4 = 1.95; Zn-02 (H20)4 = 2.11; 

P-O4 = 1.55 [1302]. 

Chem. Composition mainly constant; Fe in phosphophyllite replaced 

by Mn (<5%). 

Var. Mn-phosphophyllite. 

Phys. Hopeite and parahopeite occur as laths elongated on the c 

axis and flattened on the b axis (a axis for parahopeite); phosphophyllite 

is tabular on the a axis. Parahopeite and hopeite have perfect cleavage 

on (010), as does phosphophyllite on (100); the latter two also have moder¬ 

ate cleavage on (100) and (010) respectively. 

4. ANAPAITE GROUP. Tricl., c|.- PI, Z = 1 

Anapaite 

a b C a 

Ca2Fe(H20)4[P04]2tl> 6,42 6.89 5.87 101° 35' 

P T P 
104° 06' 71° 04' 2.81 

H 

3.75 

Str. Ca has CN = 7, while Fehas CN = 6; all the Fe octahedraand P 

tetrahedra are linked via vertices, while the Ca polyhedra are paired via 

a common edge; 88% of the links are two-vertex ones, so the structure 

is close to a true framework type (compare the density of 2.81). The 

pairs of Ca polyhedra are joined with the Fe octahedra into layers parallel 

to (010), which are linked together via PO4 tetrahedra (sublayer pattern). 

Interatomic distances; Ca—05(H20)2 = 2,42 (5) and 2.51 (2); Fe—02(1120)4 

2.00 (2), 2.21 (2), and 2.31 (2); P-O4 = 1.55 (Rumanova and Znamenskaya, 

1960 [919]). 



534 III. OXYGEN COMPOUNDS 

Chem. Constant, with Mg and constituting less than 1%. 

Phys. Tabular, perfect (001) cleavage, moderate (010). 

DIVTSIOiX I). HYDKATKI) W ITH ADDITIONAL ANIONS 

1. EOSPHORITE GROUP, Orth., — Bbam (?), Z = 8 

a b c p H 

Eosphorite (Mn, he) A1 (H20)(P0j1 (Oil)., d, 10.45-10,38 13.49—13.36 6.93-6.91 3.1—3.2 5.5—5 

Str. Transitional between the heterogeneous-framework and chain 
types, because tetrahedra occur together with octahedra and also because 

the large (Mn, Fe) octahedra are linked together via edges into chains 

(Fig. 241a). The A102(0H)2(H20)2 octahedra are linked to one another via 

H2O vertices, to (Mn, Fe) octahedra via OH vertices, and to PO4 tetra¬ 

hedra via oxygen vertices. In all, 68% of the bonds are via common ver¬ 

tices, so eosphorite can be assigned to the framework subclass. Inter¬ 

atomic distances: (Mn, Fe)-04(0H)2 = 2=25 (2), 2.23 (2), 2.24 (2); Al- 

02(0H)2(H20)2 = 1.87 (2), 1.97 (2), 1.90 (2); P—O4 = 1.55 (Hanson, 1960 
[305]). 

Chem. Perfect Mn -Fe isomorphism allows us to combine eosphor¬ 

ite and childrenite as one species, with subspecies manganoeosphorite 

and ferroeosphorite. Fe^"^ and Mn^^ can be replaced by Fe^"^ (:£18.5%) 

and Mn (<8.7%), with simultaneous OH —*■ O replacement. 

Var. Fe'^’^'-ferroeosphorite, Mn^'''-manganoeosphorite. 

Phys. Short columns, imperfect (100) cleavage. 

Fig. 241. Structures of eosphorite and turquoise represented in polyhedra: a) eosphorite in 

projection on (010), b) turquoise in projection on (010), the circles indicating Cu atoms at in 
version centers. 
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2. TURQUOISE GROUP. Tricl., C] — P\, Z = I 

a b c pH 

Turquoise (cualferhyphite) 7.42—7,68 7,63—7.82 9.91 — 10,21 2.8—3,2 6—5 
Cu(Al, Fe)^ (H20)4 [PO4I4 (0H)8 I, a = 68°37'—67°30' p=69°43'—69°06' i=65°04'—64°48' 

Faustite •— —- —■ 2,92 6 
ZnAle (H20)4 [PO4I4 (0H)8 ^ 

Str. Framework of PO4 tetrahedra and (Al, Fe) octahedra linked 

by common vertices, one-third of the octahedra being single and the 

others paired via OH edges (Fig. 241b). The fairly large holes in this 

heterogeneous framework contain Cu(Zn) atoms at centers of symmetry, 

with four OH and two H2O around each. Interatomic distances in alumo- 

cualferhyphite: Cu-(OH)4(H20)2 = 1.92 (2), 2.11 (2), and 2.42 (2); Alj- 

02(0H)3H20 = 1.81, 1.82, 1.86, 1.96, 2.01, and 1.94; Aljj-02(0H)3H20 = 1.81, 

1.83, 1.84, 1.90, 1.96, and 2.08; Aliii-04(0H)2 = 1.88, 1.89, 1.90 (2), 1.91 

and 2.16; P1-O4 = 1.54; Pn“04 = 1.54 (Cid-Dresdner, 1965 [920]). 

Chem. Perfect Al—Fe^"^ isomorphism in cualferhyphite has led me 

to replace the two former species by one (with this new name), the old 

species becoming the subspecies alumocualferhyphite and ferricual- 

ferhyphite. The Zn in faustite is replaced by Cu (1.6%) and Al by Fe^"^ 

(1.7%). 

Phys. Short columns, perfect (010) cleavage, moderate (001). 

Subclass 2. Insular 

DIVISION A. WITHOUT WATER AND ADDITIONAL ANIONS 

Subdivision I. Simple 

1. HETEROSITE GROUP. Orth. D% — Pbmn, Z = 4 

Heterosite (Mn; Fe) [PO4] 4,77 9.77 5,83 s'.S 4.5-5 

Str. Close to that of olivine, probably defective, because the min¬ 

eral is formed by oxidation of triphylite and sicklerite (with loss of Li), 

while retaining nearly the same lattice parameters. 

Chem. Narrow variations due to Mn-Fe isomorphism; Mn:Fe 

ranges from 1:2 to 2:1. H2O always present because the structure is de¬ 

fective. 

Var. Mn-heterosite, Fe-heterosite, 

Phys. Moderate (010) cleavage, imperfect (001). 
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2. XENOTIME GROUP. Teir., d\1 — lA^/amd, Z = 4 

a c p H 

Xenotime (yphite) Y [PO4] 6,89 6.04 4,25 5.25—6 

Sir. Isostructural with Ca[Cr04] and zircon (Fig, 166); Y has CN = 8 

Interatomic distances; Y-Og = 2.27 (4), 2.56 (4); P-O4 = 1.50 (Krstanovic, 
1965 [921]). 

Chem. Y in xenotime is replaced by TR of the yttrium group (Yb, Dy, 

Er, Ho, Lu, Sm), Ce, and La (^3-4%), U (<4.1%), Th (<2.8%), Zr (<2.7%), 

Al (^4.8%); replacement of Y by U, Th, or Zr is accompanied by P—Si 
replacement (<4.3%). 

Var. Yb-xenotime, Dy-xenotime,Er-xenotime (and other TR- 

xenotimes), Ce-xenotime, Zr-xenotime, U-xenotime, Th-xenotime, Al- 
xenotime, Si04-xenotime. 

Phys. Short columns to isometric, moderate (100) cleavage. 

Monazite (cephite) 

3. MONAZITE GROUP. Mon., c\h — P2i/n, Z = 4 

a 6 c p p H 
Ce[P04] 6,76 7.00 6,44 103° 38' 5,2 5—5,75 

Str. Ce has CN = 9, linking six PO4 tetrahedra (Fig. 242). Interatomic 

distances: Ce-Og =2.60; P-O4 = 1.52 (Kokkoros, 1942 [922]); Mooney 

(1948) [923] gives 2.55 and 1.56 while Ueda (1953) [924] gives 2,53 and 

1.64. Isostructural with crocoite and huttonite. 

Chem. Variable; lanthanides (La > Nd > Pr > Sm > Gd) always 

c 

Fig. 242. Structure of monazite in projec¬ 

tion on (010). Filled circles are p atoms, 

open ones are O, and hatched ones are Ce. 

present as isomorphous components, 

up to 1:1, with substantial amounts 

also of Th (<32%), Si (<6.1%), Y 

(<5.1%), U (<6.6%), Ca (<3%). Th 

and U replace Ce via ThCa — 2Ce 

and ThSi — CeP. 

Var. La-monazite, Th-mona¬ 

zite, U-monazite, Y-monazite, Ca, 

Th, U-monazite, S04-monozite. 

Phys. Isomorphous subsitution 

affects the cell parameters and the 

density. Thick tablets (on a axis), 

moderate (100) cleavage, imperfect 
(010). 
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4. WHITLOCKITE GROUP. Trig., — R3m, Z = 7; 21 

Whitlockite Ca3[P04]2 13^65 44° 21' 10,34 36.9 3.2 5,5 

Str. Probably close to that of palmierite (Strunz, 1942 [925]); also 

said (Keppler, 1963 [926]) to be related to rockbridgeite, 

Chem. Ca replaced by Mg (<3,5%) and Fe (<2.3%). 

Phys. Isometric to tabular on c axis, no cleavage. 

5. LITHIOPHOSPHATE GROUP. Orth., D\\ — Pbnm., 2 = 4 

a b c p H 
L ithiophosphate (liphite) Li3 [PO4] 4,93 10.53 6.12 2.46 4—4.5 

Str. The parameters indicate some similarity to olivine, while the 

mode of coupling of the Li04 and PO4 tetrahedra is close to that in en- 

argite. Mean interatomic distances; Li—O4 = 1.97; P—O4 = 1.55 (Zemann, 

1960 [927]). The cell parameters are for artificial material [1398]. 

Phys. Moderate cleavage in two directions. 

Subdivision II. Complex 

1. GRAFTONITE GROUP. Mon., Z = 2; 4 

S.g. a b c jO H 

Sarcopside MnFe-i [POih cL — P2i/a 10.46 4,80 6,05 90° 30' 3,7 (5,5—6) 

Graftonite CaMnaFeg [904)4 clf,—P2i/c 8.91 11.57 6.24 98°54' 3.8 5.5 

Beusite Mn^FelPOjj P2/c 8.78 11.52 6.15 99°25' 3.7 5.5—6 

Str. Sarcopside probably closely resembles olivine (see cell pa¬ 

rameters), but graftonite does not [1155]. 

Chem. Mn in sarcopside replaced by Ca (<5%) and Fe2+ by Fe^"^ 

(<9%) and Mg (<3.4%). The ratios of Ca, Mn, and Fe in graftonite vary 

somewhat, on account of isomorphism. Mn in beusite is replaced by 

Ca (4.6%), and Fe^ by Mg (2.6%) [625]. 

Var. Ca -sarcopside. Mg-sarcopside. 

Phys. Short columns, cleavage of sarcopside on (100) and (001) 

perfect, on (010) imperfect; cleavage of graftonite and beusite on (010) 

and (100) moderate. 
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2. .4RROJAI)JTE GROUP. Mon.^lrig., Z= 12;24 

Arrojadite 
Na. (Mn,Fe)5fP()4l, 

Flllowite 
Na..Mn,, fP04|4 (.?) 

S.g. 

Cy, - C2/m (?) 

C3 —/?3or Cf, . — R3 

a b c 

r6,68— 10.11— 24.89— 
16,51 10,05 24.78 
15,25 — 43,32 

8 P H 

105°41'— 3,4—5—5,5 
105°41'(?) 3,5 

— 3.4 5 

Str. Not known; parameters of arrojadite and trigonal fillowite 

from Fischer (1965 [928]), who gives for the rhombohedral cell of the 

latter = 16.91, a = 53°36'. 

Chem. The similar parameters of arrojadite and dickinsonite have 

led to the two being combined as one species with perfect Fe-Mn iso¬ 

morphism, but this requires confirmation, since the space groups and 

angles /3 are different. Na in arrojadite is replaced by K (<1.8%), and 

Fe and Mn by Mg (<2%) and Ca (<5.7%). Fillowite contains Ca (<4.1%) 

and Fe (<9.7%). Subspecies: manganoarrojadite and ferroarrojadite, 

Var. Ca-arrojadite, Fe-fillowite, Ca-fillowite. 

Phys. Perfect (001) cleavage. 

.3. H.AGENDORFITE GROUP, Mon., Ct,, —I2/a. Z=4 

a b c ? p H 

Hagendorfite Naj (Mn, Fe).2 Fe[P0413 10,93 12,59 6,52 97° 59' 3.5—3.6 5—5 5 

Na2(Mn. Fe3+)3 fPOil, 11.03 12.53 6.40 97°34' 3,5—3.6 5—5.5 

Str. Not known, but appears to differ appreciably from that of 

graftonite or arrojadite. The parameters given are for the ferroan sub- 

varieties; the formula of alluaudite has been smiplified. 

Chem. Mn-Fe isomorphism in hagendorfite and Mn-Fe^+ in alluau¬ 

dite give us the subspecies manganohagendorfite, ferrohagendorfite, 

manganoaluaudite, and ferrialluaudite. Other important Isomorphous 

components are for hagendorfite Ca (<9.7%), Mg (<2.6%) and Li (<1.7%), 
for alluaudite Ca (<4.6%) and Fe2+ (<3.2%). 

Var. Ca-ferrohagendorfite, Mg-ferrohagendorfite, Ca-mangano- 
alluaudite, and Fe2+_alluaudite. 

Triphy I i te 

Natrophi I i te 

Si cklerite 

E TRIPHVLITE GROUP. Orth., D\1 —Pbnni, Z = 4 

Li (Mn, Fe) (PO4I 
NaMn [POj] 

Li,_MMn,_^., Fe=+)|P04| 

u b c 

4.74-4.68 10.46—10,36 6.10-6 01 
4.98 10,54 6.33 

4.78—4,80 10,24—10.11 6.01—5.95 

P H 
3,3—3,6 4,5-5.5 

3,5 5—5,5 

3.2—3.4 (4,5—5) 
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Str. Close to that of olivine (Fig. 168); Li(Na) and (Mn, Fe) have 

octahedral coordination, the octahedra being linked via edges into zigzag 

chains connected via PO4 tetrahedra. Interatomic distances in triphylite 

Li-Og = 2.10 (2), 2.16 (2), 2.20 (2); Fe-Qg = 2.08 (2), 2.16 (2), 2.28 (2); 

P-O4 =1.54 (Destenay, 1950 [929]), in natrophilite (Na, Mn)j-Og =2.26 (4), 

2.27 (2); (Na, Mn)n-06 = 2.17 (2), 2.23 (2), 2.31 (2); P1-O4 = 1.64, P11-O4 = 

1.59 (2), 1.66 (2) (Bystrom, 1943 [930]). In the latter the Na and Mn atoms 

are randomly distributed over the octahedral positions. Sicklerite is an 

intermediate product in the oxidation of triphylite (with x not exceeding 

2/3) and also appears to have a random distribution over the octahedral 

positions, some of which become vacant and allow H2O to enter as the 

Fe^"^ content increases. 

Cheni. Perfect Mn —Fe isomorphism (somewhat restricted for 

sicklerite) gives us the subspecies manganotriphylite, ferrotriphylite, 

manganosicklerite, and ferrisicklerite. The other main isomorphous com¬ 

ponents are in triphylite Ca (<9.7%), Mg (<7.4%), and Na (<2.7%), in 

natrophilite Fe (<3.1%), and in sicklerite Ca (<3.4%), Mg (<1.7%), and 

Na (<1.2%). 

Var. C a-triphylite, Mg-triphylite , etc. 

Phys. All have moderate (010) cleavage and imperfect (001). 

DIVISION B. WITH ADDITIONAL ANIONS AND RADICALS 

Subdivision 1. Sinijile 

1. AUGETITE GROUP. Mon., Cj,, — C2/m, Z = 4 

Augel ite 
Trol lei te 

a 6 c P pH 

ALfPO^KOH), 13 13 7.98 5,07 112° 27' 2.70 5-5,5 

AL.33[P04]4(0H)4 - - - - 3-1 6-6.5 

Str. Al has two different coordinations in its structure; one is 

coordinated to four OH and two O and the other to three OH and two O. 

Four Al polyhedra, two of each type, are linked together by sharing 

OH-OH edges. These groups are connected by P tetrahedra.. The in¬ 

teratomic distances are: AI-O2 (OH)4- 1.83 (2), 1.98 (2), 1.86 (2); Al- 

O2 (0H)3 = 1.75, 1.80, 1.78 (2), 2.05; P-O4 = 1.52 (2) and 1.53 (2) [1162]. 

Chem. Only minor isomorphous components; the formula given for 

the synthetic material is A^jg [P04]4(0H)4 (Sclar, 1964 [931]). 

Phys. Augelite thick plates, (110) cleavage perfect, (201) moderate. 

Trolleite has cleavage in two directions at about 111 . 
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2. LIBETHENITE GROUP. Orlh.-^tricl. 

S.g. a b c Z p V\ 

D'if,— Pmnm 8,45 8.10 5,91 4 3.9 4 

C) — PT 5.50 5.65 6.46 2 4,i 4 

a = 102‘>5rp =102'>46' 7 = 86°50' 

Str. Libethenite is isostructural with andalusite and adamite; Cu 

has CN of 5 and 6. The Cu04(OH)2 octahedra are linked by edges into col¬ 

umns along the c axis and are connected by PO4 tetrahedra and CUO4OH 

polyhedra. Interatomic distances CU-O4OH = 2,07 (3), 1.99, 1.96; 

Cu-04(0H)2 = 2.06 (2), 2.01 (2), 2.39 (2); P-O4 = 1.61, 1.58, 1.49 (2) 

(Walitzi, 1963 [932]). The structure of tarbuttite is very different; there 

are two types of Zn atom (CN = 5, trigonal dipyramid) linked by edges into 

chains and pairs connected by PO4 tetrahedra. Mean interatomic distances: 

Znj—03(011)2 = 2.04; Zn2—040H = 2.03; P—O4 = 1.54 (Cocco et al., 1966 [933]). 

Chem. P in libethenite partly replaced by As (<2.3%). 

Var. ASO4-libethenite. 

Phys. Short columns to isometric. Libethenite has imperfect cleav¬ 
age on (100) and (010); tarbuttite has perfect cleavage on (001). 

3. PSEUDOMALACHITE GROUP. Mon., Cl,, -P2i a, Z = 2 

a b c pH 

Pseudomalachite CU; [PO4J2 (OH)4 17.08 5.75 4.47 91° 07' 4.4 5—5.5 

Str. PO4 tetrahedra and two types of distorted Cu octahedra; the 

latter are linked by edges into two types of parallel chain along the b5 

axis. The types of chain occur alternately and are connected by common 

edges into layers parallel to (OOl), the layers being connected by PO4 te¬ 

trahedra, so the mineral is only sublayered and does not show cleavage 

on (001). Interatomic distances: Cuj-04(0H)2 = 1,94 (2), 2.69 (2) and 

2.02 (2); Cuij-03(0H)3 = 1.91, 2.39, 2.70, 2.00 (3); Cuin-04(0H)2 = 1.94, 

2.00, 2.36, 2.51, and 1.96 (2); P-O4 = 1.55 (Chose, 1963 [308]). 

Phys. Short columns, moderate (010) cleavage. 

4. CORNETITE GROUP. Onli., d];] - Pbca, Z = 8 

ah c p H 

CUCPO4I (Oil), 10.88 14.08 7,12 4,1 5 

Str. Substantially different from that of clinoclase, although the 

formulas are identical. A preliminary study (Fehlman et al., 1964 [934]) 

shows that there are chains of distorted Cu octahedra (Cu dimer links) 
connected as in euchroite into a framework. 

Libethenite CuCu[P04|OH 

Tarbuttite Zn2(P0)4 0H 
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Chem. Composition constant (specimens from Katanga contain 

isomorphous Co). 

Phys. Short columns , no cleavage. 

5. TRIPLITE GROUP. Mon., Cj,, — /2/m, Ca/, — P2i/a 

a b c P Z /3 H 

Triplite 12 05—12.02 6.47—6.45 10.05—10.01 105°42'-108° 8 3.8—3.9 5.5—6 
(Mn, Fe)2[P04)F 

Triploidite 12.26—12.12 13.38—13.16 9.90—9,73 108°04'—108°18' 16 3,7—3.8 5—5.5 
(Mn, FelafPOiIOH 

Wagnerite 11.92 12.53 9.65 108°07' 16 3,2 5.5—6 
Mg2[P04]F 

Str. The structures of these minerals are very similar; they are 

composed of isolated PO4 tetrahedra joined by vertices to distorted 

MO4F2 or M04(0H)2 octahedra. These octahedra are linked into two 

chains by shared edges, which are parallel to a and b axes. Interatom¬ 

ic distances in triplite: (Mn, Feji—(0,F)g = 2.14; (Mn, Fe)2~(0,F)g = 

2.10; P —04= 1.53 (Waldrop, 1969 [1303]); in triploidite: (Mn, Fe)—(0,OH)g = 

2.18-2.23 and 2.10-2.15; P-O4 = 1.53-1.54 (Waldrop, 1970 [1304]). 

Chem. Perfect Mn-Fe isomorphism in triplite and triploidite, so 

the subspecies are manganotriplite, ferrotriplite, manganotriploidite, and 

ferrotriploidite. The main other isomorphous components are in triplite 

Mg (<17.4%), Ca (<14.9%), OH (<3%), in triploidite Mg (<4.7%), Fe^"^ 

(£7.8%), Ca (£2%), F (£0.9%), and in wagnerite Ca (£13.5%?), Fe (£4.3%). 

Var. Mg-triplite, Ca-triplite, OH-triplite, Mg-triploidite, Fe^"^- 

triploidite, Ca-wagnerite. 

Phys. Short columns to isometric. Triplite has moderate (001) 

and (010) cleavage, imperfect (100); triploidite and wagnerite have (100) 

and (120) cleavages moderate (triploidite) to imperfect (wagnerite). 

6. APATITE GROUP. Hex., c"/! — PSa/m, Z = 2 (1) 

Apatite 
Chlorapatite 
Voel ckerite 
Dah Mite 
Fermorite (stronapatite) 
Lead hydroxyapatite 

(plumapatite) 

Ca.Cag [004)3 (OH, F) 
CaaCaa [PO4I3 Cl 
Ca4Ca6 fPO4j0 O 
Ca4Cag [P04jeC03 

SfgCaa [PO4I3 F 
PbaPba [004)3 OH 

a c P H 

9.43—9,38 6,88—6,86 3.1—3.2 5.5-6 

9,54 6,86 3,2 5,25—5,' 

9,40 6.94 3,2 (5.5) 

9.36 6,90 3,1 (5,5) 
9.63 7.22 3.8 (5—5,5) 

(9.83) (7,42) (7.1) (5) 

Str. Caj in apatite lies on threefold axes, while Cajj lies in mirror 

planes (Fig. 243). Caj is surrounded by six O + three O, and Can by six 

O plus one F (or six O + one Cl); Caj:Cajj = 2:3. The Caj polyhedron is 

a somewhat twisted trigonal prism with centered faces (the latter three 

distances are appreciably larger than the others), one standing on an- 
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a b 

Fig. 243. Structure of apatite in polyhedra; a) general view, b) projection on (0001). 

other (Fig. 243a). The six nearest atoms (five O + one F) in the Cajj 

polyhedron also lie at the vertices of a trigonal prism as triplets (Fig. 

243, a and b), being linked via edges into columns along the c axis. These 

columns of two types of prism are connected via PO4 tetrahedra. The 

F, OH, Cl, and O lie at the axes of the prisms. The Sr and Ca in fer- 

morite are ordered with respect to the two cation positions, which re¬ 

duces the stresses, gives the formula as (Sr, Ca)(Sr2Ca)[P04]F, and re¬ 

duces the symmetry to C^-PGg (Borisov and Klevtsova, 1963 [935]). In¬ 

teratomic distances in hydroxylapatite Caj-Og = 2.42 (3), 2.45 (3), and 

2.80 (3); Can-OgOH = 2.37 (2), 2.51 (2), 2.36, 2.71, and 2.35; P-O4 = 1.52 

(Posner et al., 1958 [936]); in fermorite Sr-Og = 2.59 (3), 2.48 (3), and 

2.69 (3); Ca-Og =2.39 (3), 2.41 (3) and 3.03 (3);Sr-06F =2.64 (6) and 
2.39; P—O4 =1.56 (Klevtsova, 1964 [937]). 

Chem. Only OH and F certainly show perfect isomorphism in apa¬ 

tite, which gives the subspecies hydroxylapatite and fluorapatite. Iso- 

morphous components are numerous and varied, occurring in the cation 

and anion positions, which is due to the two different Ca positions and the 

possibility of removal or replacement of F, OH, and Cl or their replacement by 

oxygen atoms. The isomorphous components in fluorapatite are TR(<12%), Sr 

(-11.5%), Y (-10.6%), Mn (-10%), Cl (-2%), S®"^ (<12%), As®"^ (<25%), Si (<11%); 

those in hydroxylapatite are Mn (<7.5%), Na (<7.1%), K(-3.7%), Al (<3.7%); and 

those in chlorapatite are Mn (<1.5%) and F (<1.2%). TR and Sr often en¬ 

ter the Cajj positions instead of Caj (Borisov and Klevtsova, 1963 [935]). 

PO4 may be replaced not only by the tetrahedral radicals ASO4, SO4, Si04 

but also by CO3 or by CO3 + F(OH), though with the latter in structurally 

different positions (Winand, 1963 [93 8]). The P04:Si04 ratio can attain 

1:1 with corresponding replacement of Ca by Ce (Lindberg and Ingram 
1964 [939]). 

Var. TR -fluorapatite, Sr-fluorapatite, Y-fluorapatite, Mn-fluor- 

apatite, S04-fluorapatite, As04-fluorapatite, Si04-fluorapatite, Mn-hy¬ 

droxylapatite, Na-hydroxylapatite, K-hydroxylapatite, etc. 

Phys. Short columns, (0001) and (1010), cleavages imperfect. 
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Subdivision II. Complex 

1. CRANDALLITE GROUP. Trig., D\ — R3m. Z = 1; 3 

I^lumbogummite subgroup 

a . rh 
a P H 

Florencite CeAk lP04]2(0H)e — — 6.76 16.55 3.7 6—6.5 
Waylandite BiAl3|P04]2(0H)„ — 6,96 16.26 3.9 5—5,5 
P lumbogummi te PbAk [P04]2(0H)5H20 — — — — 4.1 5—5.5 
Cran dal 1 i te CaAl3(P04l2(0H)6H20 6.72 62° 40' 6,99 16.13 2.9 5.5—6 
Goyazite SrAk[P04]2(0H),H20 6-83 61° 28' 6.98 16.54 3,3 5—5,5 
Gorceixi te BaAk [P04l2 (OH)b H2O — — 7.03 17.03 3,2? 5 
Lusungite SrFe3[P04]2{0H)5H20 6.92 61° 12' 7.04 16.80 — (4.5—5) 

Woodhouseite subgroup 

Hinsdalite PbAl3|P04] [SO4I (OH)« — 89° 40' — — 3.7 4,5—5 
Woodhou sei te CaAk [PO4J [S04] (OH)e 6,76 62° 04' 6.97 16.30 3.0 5—5,5 
Svanbergite SrAl3fP04l ISO4I (OH)s 6.90 60° 38' 6.97 16.80 3.2 5 
Gorki te PbFe3 [PO4] [SO4] (OHk — 91° 16' — — 4.3 4—4.5 

Str. Alunite type (Fig. 258), CN of 12 and 6. The plumbogiimmite 

subgroup has l/6 of the OH replaced by H2O. Crandallite has space group 

C|v—R3m, Some of the minerals occur in colloidal form and so have not 

been fully studied. Interatomic distances given for svanbergite and wood- 

houseite are Sr—(O, OH)i2 = 2.90; Al—(O, OH)g = 1.71 and 1.90; P—O4 = 

1.57; S-O4 = 1.51; Ca-(0, OH)i2 = 2.74; Al-(0, OH)g = 1.88 and 1.93; 

P-O4 = 1.55; S-O4- 1.53 (Pabst, 1947 [940]). 

Chem. Fairly prominent isomorphous components: in fluorencite 

La (2-3%) and Sr (<9%); in waylandite Si (4.7%) and Ca (3%); in crandallite 

Sr (-2.2%); in goyazite Ce (<14%), Ba (<4%), and F (<1.9%); in gorceixite 

Ce (<7%) and Ca (-3.6%); in lusungite Pb (-3.5%); in hinsdalite Sr (-3.1%); 

in woodhouseite Ba (<1%); in svanbergite Ca (<3.3%); in corkite Cu (2.5%). 

Var. Sr-florencite, Si04-waylindite, Ce-goyazite, Ce-gorceixite, 

Pb-lusungite, Sr-hinsdalite, Cu-corkite. 

Phys. Thick tablets to isometric, perfect (0001) cleavage. 

2. DUFRENITE GROUP. Mon. -»orth., Z = 4 

Dufren ite 

And rewsite 

S.g. a b c p ^ H 

Fe,Fe„[P04l4(OH)r2 Clk — P2Jn 24.6 5.14 13,87 100° 25' 3.2 4-5 
(Fe; Cu)3 Fe, [PO.h (,0H),2 D\—B22,2 14.16 16.83 5.18 - 3,5 4 

Str. Not known. 

Chem. Composition of dufrenite varies from oxidation of Fe^^; 

andrewsite has Fe:Cu fairly constant at about 1:1. 

Phys. Radially radiated aggregates, cleavage in two directions. 
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3. ROCKBRIDGEITE GROUP. Orth., D\ — B22fi (?), Z = 4 

a b c p W 

Rockbridgeite (Mn, Fe) FeiIPOJ, (OH13.89—1.3.76 17.01 — 16.94 5.21—5.19 3.3—3.5 4.5—5 
Zinc-rockbridgeite ZnFe4[P04|., (OH)s 13.97 16.88 5.19 3,5 4.5—5 

Str. Not known. Similarity to-whitlockite reported (Keppler, 1963 

[926]). 

Chem. Rockbridgeite has perfect Mn —Fe isomorphism, subspecies 

manganorockbridgeite and ferrorockbridgeite. Only minor amounts of 

other isomorphous components, e.g.. Mg (<2.2%). Zinc-rockbridgeite 

has Zn replaced by Mn and Fe (2-3% each). 

Phys. Perfect to moderate cleavage on three pinakoids. 

4. LAZULITE GROUP. Mon., C\,, — P2^c, Z = 2 

a b c 3 /y H 

Lazulite 7.16—7.15 7.26—7.31 7.24—7.25 120°40'—120=35' 3.1—3.4 6.5—6 
(Mg, Fe) Ak [P04]2 (0H)2 

Barbosalite 7.25 7,46 7,49 120°15' 3.6 (5.5) 
FeFe2 [FO4I2 (0H)2 

Str. The (Mg, Fe) octahedra are linked via common edges and faces 

to Al(Fe) octahedra to give groups, which are linked by vertices one to 

another and to PO4 tetrahedra. Mean interatomic distances: Mg-(0, OH)g= 

2.03; Fe-(0, OH)6 =2.09; Al-(0, OH)6 = 1.95; P-O4 = 1.55 (Katz and 

Lipscomb, 1951 [941]; Lindberg and Christ, 1959 [942]). 

Chem. Perfect Mg-Fe isomorphism in lazulite gives the sub¬ 

species magnesiolazulite and ferrolazulite. The isomorphous com¬ 

ponents include Ca (<3.5%) and (in barbosalite) Mn (2.8%). 

Var. Ca-lazulite, Mn-barbosalite. 

Phys. Thick tablets to isometric (dipyramidal habit), moderate 
(110) cleavage. 

.U PALERMOITE GROUP. Orth., D^-lnimm, Z = 4 

a b c P H 
CirroUte Ca3Al2(P0j3(0H)3 — — — 3.1 5.5-6.5 

Attaco! ite CaAHlPOjjCOH)^ 11.46 15.71 7.2S 3.2 6.5 

Bertossaite Li2CaAl4[P04]4 (OH), 11.48 15.73 7.23 3.1 6-6.5 

Palermoite LijSrAl, [PO4], (OH), 11.53 15.79 7.31 3.2 6 

Sir. Attacolite is isostructural with carminite, although the space 

groups are different. Ca has CN = 8, A1 has CN = 6 (four O + two OH). Half 

of the Ca(Sr) in bertossaite and palermoite is replaced by twice the num- 
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ber of Li atoms , which may have CN = 5 (as in amblygonite) and lie in a 

cubic polyhedron. Cirrolite has not been examined. 

Chem. Cirrolite contains Mn (2.2%); attacolite has Ca replaced by 

Mn (<7.1%) and Sr (<3.3%), A1 by Fe’"*" (<1.3%), and P by Si (=9.4%); 

bertossaite contains isomorphous Na, Mn, and F; and palermoite has Li 

replaced by Na (<1.6%) and Sr by Ca (<1.4%). 

Var. Mn-attacolite, Sr-attacolite, Si04-attacolite, Na-bertossaite, 

Mn-bertossaite, Ca-palermoite. 

Phys. Palermoite columnar; all minerals except cirrolite have 

perfect (100) cleavage. 

6. BRAZILIANITE GROUP. Mon., Z = 2 

S.g. a b c 3 P H 

Brazi 1 i ani te NaAl,, fP04l2 (0H)4 C^^-P2/n 11.19 10,08 7.06 97° 22' 3.0 6 

Lacroi xi te Na^CagMnAq [P04]3 (OHl^Fs — — — — — 3.1 5 

T sumebite PbjCulPOJ [soj OH C27!,-P2/m 8.70 5.80 7.85 111“30' 6.0 4 

Str. Not known. 

Phys. Columnar, cleavage in one direction perfect to moderate (no 

cleavage for tsumebite) (Nichols, 1966 [1121)). 

7. GRIPHITE GROUP. Cubic, Oj," — /a3d, Z = 4 

a /a H Cl. 

Griphite Na^CaMniAlNPOjlsiOH)* 12,28 3.4 6 None 

Str. Homostructural with garnet, or rather hibschite Ca3Al2[(Si04)2' 

(011)4] (McConnell, 1942 [943]) about l/6 of the PO4 tetrahedra being re¬ 
placed by (0H)4. Only half of the Mn has CN = 8, the other half having CN = 6 

and lying in positions equivalent to those for AL The garnet-type formula 

for griphite. is then (Na; Ca; Mn)3(Mn; Al)2[(P04)> (OH)4l3‘ 

Chem. Mn2+ replaced by Fe^^ (<11%) and A1 by Fe^"^ (^7%); OH re¬ 

placed by F (<3%). 

Var. Fe2+-griphite, Fe^'^'-griphite, F-griphite. 

8. BELOVITE GROUP. Trig., c],. — P3, Z = 2 

ah Ch p 

NaSr3Ce[P04)3 0H 9.63 7.22 4.2 5.5 (1010) imperf. 
Belovite (nastroncephite) 
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Str. The main features are as for apatite, but there are differ¬ 

ences in coordination and symmetry, the latter being reduced by the or¬ 

dered distribution of the various species of atom over the different posi¬ 

tions. Na has CN = 6 (trigonalprism), SrhasCN = 7, and Cehas CN = 9. The 

NaOg and CeOg polyhedra alternate regularly in the vertical columns. In¬ 

teratomic distances: Na-Oe=2.48 (3) and 2.56 (3); Sr-OgOH =2.41 (2), 

2.62 (2), 2.73, 2.80, and 2.39 (eighth distance 2.92); Cq—Og =2.35 (3), 

2.52 (3), and 2.60 (3); P—O4 = 1.56 (1.50-1.62) (Klevtsova and Borisov, 
1964 [944]). 

Chem. Narrow variations due to a variety of possibilities for iso¬ 

morphism. Na and Sr are replaced by Ca (<5.2%), K and Mg (0.2-0.3%); 

Sr by Ba (<1%), Ce by Th (<1%) and P by S (<1.2%). 

Var. Ca-belovite, S04-belovite. 

9. ISOKITE GROUP, Mon., C\ — C2/c, Z = 4 
2T 

a b c p p H 
'sokite CaMg[P04]F 6,52 8,75 7,51 121° 28' 3,2 5,5—6 

Str. Isostructural with sphene CaTi[Si04]0; CN of 7 and 6 for Ca and 
Mg respectively. Sublayered structure. 

Chem. Ca replaced by Sr (1.65%), Ba (0.2%), and TR (0.2%); Alg by 
Fe (0.5%) and Mn (0.2%), and F by OH (0.5%). 

DIVISION C. HYDRATED PHOSPHATES \\ ITHOTT ADDITIONAL ANIONS 

1. RHABDOPHANE GROl’P. Hex.-^orth., 2 = 3,6 

Rhobdophan e 

Brockite 

Ningyoite 

Sm i rno vsk i te 

S.g. 

Ce(H20)|P04l D,] —P6..22 

(Ca; Th) (H.2O) (PO4] dI-P6,22 

(Ca; U)(H20)[P04] D\-P222 

Th3(H20)4[P04|4(?) Tefr. 

a b c P H 

7.06 — 6.44 4,0 (4,5-5) 
6,98 — 6,40 4,0 15—5.5) 
6,73 12.13 6,35 (4.1) (5—5.5) 
— — — 4.6 ~5.5 

Sir. Ce in ihabdophane has CN —8 (Fig. 244), the Ce polyhedra being 

linked to PO4 tetrahedra to leave open channels parallel to the c axis, 

which contain the H2O molecules. Interatomic distances in rhabdophane; 

Ce-Og = 2.34 (4) and 2.65 (4); HgO-Og = 2.93 (4), 3.05 (4); P-O4 = 1.56 

(Mooney, 1950 [945]). The parameters of ningyoite are for synthetic ma¬ 
terial (Seeliger and Strunz, 1965 [946]). 

Chem. Ce in rhabdophane is replaced by La (<30%), Nd (<20%), 

Y (<8%), Ca (<4%), and Th (<4.4%), while P is replaced by Si (5-10%) 
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and C (<3.6%). The Ca in brockite 

is replaced by U, and Th by Ce and 

Nd (TR = 6.6%). The TR content of 

ningyoite is 1.7%. The Th in smir- 

novskite is replaced by TR (7.9%) and 

Ca (3.9%), and P by Si (6.5%). The com¬ 

position thus tends to be very variable. 

Var. La-rhabdophane, Nd, La- 

rhabdophane, Y-rhabdophane, Th- 

rhabdophane, 8104-rhabdophane, 

SiO/ - smirnovskite. 

2. PHOSPHOFERRITE GROUP. Ortli. ^mon. 

Sg. a b c Z p H 

Scholzite D\,—Pbmm 17,14 22.19 6,61 12 (3.1) (4) 

CaZn2 (HjOiz [P04]2 
Phosphoferrite d’, — Pcnm 8.71—8,66 10,08—10.02 9,49—9.41 4 3,0—3,2 3,5— 3.75 

(Mn, Fe)3 (H20)3 [PO4I2 
Switzerite C\j^~P2/a 17.10 12.69 8.28 8 3.0 3 

MnjCHpi.lPOjj /3=95°55' 

Str. Scholzite has not been examined. The Mn(Fe) in phospho¬ 

ferrite has CN = 6 (four 0 +two H2O), the four atoms belonging to four dif¬ 

ferent PO4 tetrahedra. These (Mn, Fe) octahedra are linked partly by 

edges and partly by vertices (subframework structure). Mean inter¬ 

atomic distances: Fe—64(1120)2 =2.24 (4) and 2.20 (2); P—O4 = 1.57 (Flach- 

sbart, 1963 [947]). Cell parameters of switzerite in [1399]. 

Chem. Composition variations not known for scholzite. The per¬ 

fect Mn-Fe isomorphism in phosphoferrite gives us the subspecies man- 

ganophosphoferrite and ferrophosphoferrite. Other components are un¬ 

important, apart from Fe®"^, which is produced by oxidation of part of the 

Fe^"^ in manganophosphoferrite, but without producing defects, because 

one of the two H2O linked to Fe is replaced by OH, which balances the 

charge increase. The formula of this manganophosphoferrite (formerly 

called landesite) is [Mn^lx(Fe^+0H)x]3(H20)3_3x[P04]2 (Moore, 1964 [948]). 

Var. Fe^'^-manganophosphoferrite. 

Phys. Isometric, imperfect cleavage on (010). 

3. HUREAULITE GROLiR. Mon., C\f,—C2/c, Z= 4 

Hureaul ite 

Ca-hureaul ite 
(cal chureau I ite) 

a h c p /9 H 

HzMn, {H.20)4 [POJi 17.42 9.12 9.50 96" 40' 3,2 3.75 

CaMris (H20)4 [PO4I4 — — — “ — (4) 
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Str. Not known. 

Chem. H replaced by Li (<2.1%) and Mn by Fe^”^ (<11%) and 

(<10%), in the latter case with simultaneous loss of H. 

Var. Li-hureaulite, Fe^'^-hureaulite, Fe^‘*"-heureaulite, 

Phys. Short columns, moderate (100) cleavage. 

4. STRUVITE GROUP. Orth.—mon.—tri. I. 

S.g. a b c Z p H 

Newberyite HMg(H20)3(P04l Dll-Pbca 10.06 10.56 9.83 8 2.12 3.5—3.75 

Phosphorrossl erite HMg(H20),(P04] Cl-C2/C 6.61 25.41 11.37 8 1.73 3 

p = 94° 56' 
Stru vi te NH4Mg(H20)3[P04) _ Pmc 2i 6.98 6.10 11.20 2 1.71 2— 

Schertel ite (NH4)2 H2Mg(H20)4[P04]2 — Pbca 2h 11.47 23.63 8.62 8 1.83 (2.5—3) 
Stercorite NH4NaH(H20)g[P04] Not det. - - — — 1.57 

,3 = 99° 18' 
2 

Hannayite (NH4)2 H4Mg3 (H20)8 [P04]4 c\ — Pl 
i 7.70 11,51 6.70 1 2.03 (2.5) 

a = 76° 00' p = 99° 08' 7 = 115° 08' 

Str. Known only for newberyite, in which each Mg octahedron is 

linked via three oxygen vertices of PO4 tetrahedra in a framework struc¬ 

ture, which deviates somewhat from the true framework type because the 

three H2O molecules at the other vertices of the Mg octahedron are linked 

by hydrogen bonds of length 2.45-2.55 to O atoms in PO4 radicals. The 

Mg atoms and PO4 radicals lie in planes parallel to (OlO), between which 

are only hydrogen bonds, which is responsible for the cleavage. Inter¬ 

atomic distances: Mg-Og (H20)3 = 2.05 (3); 2.12 (3); P-O4 = 1.50-1.59 

(dj^= 1.54) (Sutor, 1967 [949]). 

Chem. Composition mainly constant. Mg in struvite is replaced by 
Fe (<3.1%) and Mn (<2%). 

Phys. Short columns to isometric or thick tabular. No cleavage 

in phosphorrbsslerite, schertelite, and stercorite; struvite and hannayite 

have moderate cleavage on (001), and newberyite has perfect cleavage 
on (010). 

DIVISION D. HYDHATED FIIOSPHATKS W ITH AI)I)HTON4b ANTONS 

Siilxlivision I. Siinplo 

1. BER.AUNITE GROUP. Mon.-^liex. 

S.g. a b c ^ Z p H 

Bemunite Peg (H20)2 [PO4J2 (OH), • Hp — C2/c 20.69 .5.13 19.21 93°37 8 3,0 3,5—4 

Cacoxenite Fe4 (H20)i2[P04]3(0H)3 Notdet. 27.-67 — 10.66 — 12 226 3—3 5 
Tinticite Fe3(H20)3[P04l2(0H)3 Orth.(?) — — — —-2,8 (3—3.5) 
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Str. Known for beraunite, which is of subframework type, since 

many of the links of the Fe polyhedra and PO4 tetrahedra are via common 

vertices. The channels contain l/3 of the H2O. There are four different 

octahedral environments for Fe^+r five O + OH, four O + two OH, three O + 

two OH + H2O, two O -P two'OH + two H2O. Interatomic distances: Fe —O5OH 

1.93 (3); 2.17 (2); 2.08; Fe-04(0H)2 = 2.02; Fe-OjCOH)2H2O = 1.97 (3); 1,99 

(2); 2.12; Fe-02(0H)2(H20)2 = 1.94 (2); 1.93 (2); 2.04 (2); P-O4 = 1.54 

(Fanfani and Zanazzi, 1967 [950]). Cell parameters of cacoxenite in [1400]. 

Chem. Fe^”^ replaced by A1 (^3-5%), and in beraunite also by Fe^"^ 

(<10%). Perhaps the formula of the latter should be written Fe^'^Fe|'’‘ • 

(H20)4[P04]4(0H)5 • 2H2O, as follows from analyses and structural data. 

Phys. Beraunite is tabular, while cacoxenite is acicular. Cleav¬ 

age of beraunite on (100) moderate; cacoxenite has no cleavage, 

2. WAVELLITE GROUP. Orth. 

S.g. a b c Z p V\ 

Wa vel 1 ite Dll-Pcmn 9,62 17.34 6.99 4 2.37 3,5—4 

Al3(H20),[P04]2(0H)3 
Fluel 1 ite 8.55 11.22 21.16 8 2,13 3.5 Dll - 

Al2(H20),[P04](OH)F3 

Coeruleolactite Not del. — — — — 2.57 4,5 

Al3(H20)4[P04l2(0H]3 

Evansite Not det. 2,2 3.5—4 

k\,(n^O),[PO,](Ow\ 

Str. Probably heterogeneous frameworks, as is indicated by the 

recently discovered structure of fluellite, where the framework con¬ 

sists of chains of AIO4F2 octahedra linked to PO4 tetrahedra via common 

vertices. Interatomic distances: Al—O4F2 = 1.86; P—O4 = 1.53 (Guy and 

Geffrey, 1966 [951]). It would probably be better to assign these minerals 

to the first subclass. 

Chem. Al in wavellite is replaced by Fe^"*" (<3.2%) and OH by F 

(<2.8%). Minor components in colloidal coeruleolactite and evansite can¬ 

not for certain be taken as isomorphous. F in fluellite is replaced by 

OH (<3.1%). 

Phys. Wavellite is collumnar to acicular, perfect (110) cleavage, 

moderate (101) and (010). 

i. VESZELYITE GROUP. Mon. 

S.g. a b c p Z P H 

Veszely ite (Zn;Cu)3(H30)2[P04](0H)3 C - 
9.84 10.17 7.48 103° 25' 4 3,4 3.75 

Tagi 1 i te Cu2 (H2O) [PO4] OH (?) Not det. — — - - — ~3.5 3.5 

Spencerite Zn., (H20)3 [P04]2 (OH)z Clh-P2/c 10.54 5.33 11.3 3.1 3,5 

Isoclasite Caz (HjOlz [poj OH Not det. — — — — — 2.92 (3) 

Ni ssonite MgCu j [POj OH 22.58 5.03 10.54 99''20' 8 2.74 3 
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Str. Known for spencerite, which has an insular pattern consisting 

of Zn atoms in octahedral and tetrahedral environments, which are linked 

together by PO4 tetrahedra. Mean interatomic distances: Zn—04(011)2 = 

2.06; Zn-02(0H)(H20) = 1.84-2.01; P-O4 1.58 (Hans-Hermann, 1966 

[1124]). 

Chem. The Zn:Cu ratio in veszelyite is fairly constant at 2:3; P 

is replaced by As (<10%). The other minerals are of constant composi¬ 

tion, except that nissonite contains a little and Fe^"^ (Mrose et al., 

1966 [952]). 

Var. ASO4-veszelyite. 

Phys. Cleavage of veszelyite on (001) and (110) moderate, of spen¬ 

cerite on (100) perfect, on (010) and (001) moderate, of isoclasite on (010) 

moderate, of nissonite on (100) perfect. 

Siilitlivision II. (',om|ile\ 

1. OVERITE GROUP. Orth.^mon. 

S.g. a b c p Z P H 

Bermanite . Dlh-C222, 6.20 8.92 19.20 — 4 2.85 3.75 
MnMn2+(H20)4 [P04]2(0H)2 

Overite — Bmam 
2/1 

14,78 18.78 7.13 - 2 2,47 3,5—4 

(^^20)i6 [P04]8 (0H)6 
Montgomeryite 10.01 24.15 6,26 91° 28' 2 2.51 4 C-C2/C 

Ca4Ah (HaO),, fP04le (OH), 
Cal cioferrite 2.53 3 Hex. (?) 

Ca3Fe3 (HaOlsI904)4 (OH)3 
Xanthoxen ite Mon. (?) — — _ _ — 2.97 3 

CajFe (H2O) [904)2 OH 

Str. Not Imown. 

Chem. The following isomorphous components are present: in 

bermanite Mg (2.4%) and Fe^+ (3%); in calcioferrite Mg (2.7%) and Al 

(2.9%); in xanthoxenite Mn (4.6%). 

Phys. Bermanite is tabular on the c axis; the others are plates 

to laths elongated on c and flattened on b. Perfect cleavage on (001) in 
bermanite, in the others on (010). 

2. MORINITE GROUP. M.m.. — P^Jni (?), Z = I 

a /? c fl p H 

NaaCa^AU (IloO), [PO4I4O2F6 9.46 10.69 5.45 105° 28' 2.94 4.5—5 

Na.,Ca.,AI„(ll20)JP04), (0H),2 — — — _ 2.89 5.5—6 

Morinite 

Leh i i te 
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Str. Not known. 

Chem. Morinite has Ca replaced by Mn (2.4%); lehiite has Na re¬ 

placed by K (2.3%). 

Phys. Platy; morinite has perfect (100) cleavage. 

T WARDITE GROUP. Tetr.-^mon. 

S.g. a c Z P H 

Avelinoite NaFe3(H20)2[P04]2 (OH)4 d1-P4i2,2 7,32 19,40 4 3,1 5—5,5 

Wardi te NaAl., (H.20)2[P04]2(0H)4 D4 —P4,2,2 7,04 18,88 4 2,87 5,5—6 

Pal life CaAl,, (H20)2[P04l2 0 (OH),, Not det. 7,0 19,2 4 (3,0) (5,5—6) 

Souzal ite M§,Al4(H20)2fP04l4(0H),, Mon. (?) — — — 3,1 6-6,5 

Str. Not known. 

Chem. Fe in avelinoite is replaced by A1 (1.4%); Na in wardite by 

Ca (<7%); Mg in souzalite by Fe (<11.6%) and A1 by Fe^'*' (<2.7%). 

Var. Ca-wardite, Fe-souzalite. 

Phys. The first three are thick tablets on c, with perfect (001) cleav¬ 

age; souzalite is platy with cleavage in two directions. 

4. MINYULITE GROUP. Orth.->nion., Z = 2; 4 

S.g. a b c p H 

Minyulite KAU {H.Oli [P04]2 OH Pnim2 9,37 9,76 5,53 - 2,45 (4-4,5) 

Leucophosphite KFe2(H20)2 [P04]2 OH — P2i/« 9,76 9,65 9,70 102° 54' 2,92 (4,5) 

Str. Not known; the parameters of leucophosphite are for syn¬ 

thetic material. 

Chem. Minyulite is of constant composition; Fe in leucophosphite 

is replaced up to 12.7% by Al. 

.7. ROSCHERITE GROUP, Mon,-^orth, 

S.g. a h c Z P H 

CajMnFeBp, (H.O), [PO4I3 (OH), — 02,'c 15.95 11.95 

P = 

6,62 

94° 50' 

4 2.92 5 

NaCaCu, (H20)5 [P04]4 Cl Not det. 9.72 38 48 9,67 8 3.3 4 

Str. Not known. 

Chem. The Ca:Mn;Fe ratio in roscherite varies substantially from 

isomorphous substitution. Na in sampleite is replaced by K (1.5%). 
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Phys. Tabular on c axis (roscherite) or b axis (sampleite); cleav¬ 

age of roscherite on (001) and (OlO) moderate, of sampleite on (010) per¬ 

fect and on (100) and (001) moderate. 

Subcl a,sh 3. Chain 

I)IVISI().\ A. A.Ml\l)KOrs 

1. VAYRYNENITE GROUP. .Mon., C\ — P2^ia, Z = 4 

a b c p p H 

Vayrynenite Mn {Be [PO4J OH 1 cx. 5.41 14.49 4.73 102° 45' 3.2 5.5—6.5 

00 Qoh 

oBe %p 

Fig. 245. Structure of vayrynenite, with 

chains of PO4 and Be02(0H)2 tetrahedra. 

Str. Zigzag chains along a axis 

composed of Be02 (OH)2 and PO4 tetra¬ 

hedra linked by vertices (Fig. 245), 

composition [Be (P04)OH]n^", which 

are connected via Mn atoms (CN = 6), 

with two O and one OH belonging to one 

chain, while the other three O belong 

to three adjacent chains. The bonds 

within a chain are two or three times 

as strong as those between chains. 

Interatomic distances: Mn-050H = 

2.17 (5) and 2.37; Be-O2 (OH)2 = 1.64 (2) 

and 1.66 (2); P—O4 = 1.54 (Mrose and 

Appleman, 1962 [309]). 

Chem. Mn replaced by Fe (4.6%), 

Ca (1.8%), Na (1.4%), K (1.1%), and 

A1 (2.5%). 

Phys. Platy, moderate (001) cleavage. 

2. MONETITE GROUP. Tri. 1.. c\ — PT, Z = 4 

a b c a p T P H 

Ca{HfP04l)i 6.90 6.65 7.00 96°21' 103°54' 88° 44' 2.98 3,75 

Sir. Chain pattern produced by hydrogen bonds; the PO4 tetrahedra 

are linked via 11 in the bent parts of discontinuous chains, which are con¬ 

nected by Ca (CN = 9). Interatomic distances: Ca—O9 = 2.38-2.82; H—O = 

2.44-2.66; P-O4 = 1.54 (Jones and Cruickshank, 1961 [310]). 

Phys. Thick tablets, imperfect cleavage. 
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DIVISION B. HYDRATED 

1. MORAESITE GROUP. Hex.->mon. 

S.g. a b c Z P H 

Faheyite MnBe2Fe2^(H30)aP04l4<4 dI - P6222{?) 9.43 — 16.00 3 2.67 — 

Moraesite Be2(H20)4[P04]0Hci - C2/c(?) 8.55 36.90 

P = 

7.13 

97° 41' 

12 1.81 (3) 

Glucine 

Uralol ite 

CaBe4 [P04]2 (OH)4 4? 

CaBeg (H20)4 [PO4I.2 (OH)2 4, 

Not det. 

Not det. 8.43 39.50 
P = 

7.12 
94° 58' 

6 2.14 3 

Str. Not known; assigned from morphology, properties, and general 

crystallochemical considerations. The minerals of the roscherite group 

are similar in composition but different in properties and have been con¬ 

sidered in subclass 2 (division D, subdivision II). 

Chem. Only minor isomorphous substitution. 

Phys. Laths, needles, or fibers. Faheyite has perfect cleavage on 

(lOlO) (?), while moraesite has perfect cleavage on (OlO) and (001) (?). 

Cleavage of glucine and uralolite not ascertained (Grigor'ev, 1963 [953] 

and 1964 [954]). 

2. LUDLAMITE GROUP. Mon., — P2i/c, Z = 2 

a b c B P 

Ludlamite Fe^ ({Fe (H^OL [P04kl ck 9.25 4.65 10.45 100°30' 3.2 3.75 

Str. Two types of Fe octahedron: Fe04(H20)2 and Fe04(H20)3. The 

first type is linked by 0-0 edges to two PO4 tetrahedra to form chains 

parallel to the b axis; between the chains lie the Feji. These and hydro¬ 

gen bonds connect the chains together. Interatomic distances: Fej- 

04(H20)2 =1.99 (2), 2.06 (2), and 2.21 (2); Feii-03(H20)3 = 2.03 (3) and 

2.26 (3); P-O4 = 1.51, 1.61, and 1.62 (2) ato and Mori, 1951 [311]). 

Chem. Fe replaced by Mn (<3 .1%) and Mg (<2.2%). 

Phys. Thick tablets flattened on c axis and elongated on b axis. 

Perfect (001) cleavage, imperfect (100). 

Fai rfiel dite 

Col 1 in si te 

.3. FAIRFIELDITE GROUP. Tricl., cl —PI, Z=) 

Ca2 f(Mn, Fe) (H20)2 [PO4J2I ci 

Ca2 {Mg(H20)2[P04l2t ^ 

Ca2{Ni(H20)2 [P04]2! 4 

a b c pH 

5.78 6.57 5.48 3 0—3.1 3.75 
a =102° 05' p=109°42' 7 =90° 06' 

5.71 6,73 5,39 3.0 3.75 
,^96'’48' 3 = 107° 17' '( = 104° 32' 

5.71 6.73 5.41 3.2 3.75 

d= 96°49' fl= 107-21' y = 104-35' 
Cassidyite 

(calcnihyphite) 
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Str. Homostructural with roselite and krohnkite, isostructural 

with triclinoroselite. The {(Mn, Fe)(H20)2[P04]2}^ chains are linked 

by Ca with CN = 7 (Fig. 235). 

Cheni. Perfect Mn—Fe isomorphism in fairfieldite, subspecies 

manganofairfieldite and ferrofairfieldite (the cell parameters related 

to the first); 1-2% Mg and Na. Collinsite has < 7.3% Fe. 

Var. Fe-collinsite. 

Phys. Columns to laths, perfect (001) cleavage, moderate (010). 

Subclass 4. Layer 

DIVISION A. WITHOUT WATER AND ADDITIONAL ANIONS 

1. PARSONSITE GROUP. Tricl, ( ?), s.g. not det., 7,-1 

a b c p W 

Parsonsite Pi52 ((UOj) (P04)2)^ (6.8) (10,4) 6.8 5.7 3—3.5 

Str. Not known (isostructural with hallimondite). Assigned from 
morphology and crystallochemical considerations. 

Chem. Data inadequate; formula derived from data of Bignand 
(1955) [955]. 

Phys. Tabular to platy, cleavage not observed. Biaxial negative. 

DIVISION B. ANHYDROUS WITH ADDITIONAL ANIONS 

1. HERDERITE GROUP. Mon.—^orih. i pseudotetr. I 

s.g. a b c P Z p H 

Herderite Ca {Be [PO41 (011, F)} ^ P2^ia 9.82 7.70 4,81 90° 06' 4 3,0—3.1 5.5-6 

Babefphite BatBe[POjFi4 Cj’, —Frfd2 6.93 16.74 6.93 - 2 4.3 5.5(?) 

Sir. Pseudotetragonal layers perpendicular to c axis and com¬ 

posed of PO4 and Be03(OH, F) tetrahedra differing in orientation (Fig. 

246b), these tetrahedra forming four-sided and eight-sided rings. The 

layers are connected by Ca atoms (CN = 8), which are also linked into lay¬ 
ers made up of six-sided rings (Fig. 246a). Interatomic distances; 

Ca-06F2 =2.50 (6) and 2.65 (2); Be-QgF = 1.62 (3) and 1.67; P-O4 = 1.53 

(Pavlov and Belov, 1959 [802]). Babefphite has been placed in this group 
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Fig. 246. Structure of herderite; a) layers of Ca polyhedra, b) layers of 

Be and P tetrahedra. 

conditionally (Nazarova et al., 1966 [956]). Its symmetry and lattice pa¬ 

rameters have recently been deduced based on an interpretation of its 

structure, for which a framework type has been postulated with the Be and 

P pseudotetrahedra joined at three apices. The fourth apex is free, with 

F ions having replaced the O ions. The interatomic distances are: 

(P, Be)-04 = 1.51, 1.53, 1.70, 1.61; Ba-O^ = 2.75 (2), 2.79, 2.93 (2), 3.33 (2) 

(Shashkin et al., 1967 [1127]). 

Cheni. Perfect OH—F isomorphism, subspecies hydroxylherderite 

and fluoroherderite. Only minor components otherwise. 

Phys. Short columns to thick tablets; herderite has imperfect (110) 

cleavage, with no (001) cleavage because the layers are uneven. Babefphite 

shows no cleavage. 

DIVISION C. HYDRATED WITHOUT ADDITIONAL ANIONS 

1. URANIUM-MICA GROUP 

There are three main subgroups: torbernite (H2O > 8), meta- 

torbernite (8H2O), and natroautunite (3H2O), which differ in structure, 

some of the water also being zeolitic. 

Torl)ernite subgroup. Telr.. — l^lmin/n, Z — 2 

a c P H 

Cu mP)s [U02(P04)|2 ■ 

Ca (H20)8[U02(P04)]2 ■ nHoO,!- 
Torbernite 

Autunite 

7,06 20,5 

7.00 20.6“ 

3.2 2—3 

3,1 2—3 
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Metatorbernile subgroup. Tetr.—>pseudotetr. —>ortb. 

S.g. a c Z P H 

Sabugal t te HAI(lT0)jU0.,(P04)l4c& — l\lmmm 6.96 19.30 1 3.2 2—3 

Metatorbern i te Cu(H.,0)8[U0.,(P04)k S, 6.97 17.31 2 3.7 2—3 

Bassetite Fe (H.,0)«[U02(P04)j2cl, P seudotetr. 7.0 17 07 2 3.6 2—3 

Fritzscheite Mn(H.^O)g|U02(P04)|2cl, Tetr. (?) — — — 3.5 2—3 

Przhevalskite Pb(H20)4|U02(P04)l2 4> 0 rth. — — — — 2—3 

Meta-auton ite Ca(H20)4[U02(P04)|.2r?. —PAInmm 6.99 8.44 1 3.6 2—3 

U ranoci rcite Ba(H.,0)4(L10.2(P04)h^ D] — P4222 
4 

6.98 16.85 2 4.1 2—3 

Sincosite Ca(H30),[VO(P04)]2^ T etr. — — — 2.81 2—3 

Natroautunite subgroup, Tetr. — P4/nmm, Z = 1 

a c p H 

Metauranoci rcite Ba (H20)e [UO2 (P04)l2c» 6,96 8.53 (4.4) 2—3 

Natroautunite Na (H20),4 (UO2 (PO)4|<l, 6.97 8,69 3.9 2—3 

Metaankoleite K(H20)3[U02 (P04)1c|, 6.99 8.89 3.9 2-3 
Uramphite 

(amu rphosphy 11 ite) 
NH4(H.20)3(U02(PO)4jcl — — 3.7 2—3 

Hydrogen autunite 

(oxurphosphyllite) 
H30(H20)3[U02(P04)]^ — — 3.8 2—3 

Psuedoautunite subgroup. Mon. (?), Z = 2 

a b Z' ^ C P P H 

P seu doautun i te (H30)2Ca (H.,0)3[U02(P04)2 IS, 6,96 6,96 12.90 — 3.3 2— 3 

Str. The PO4 radicals and (1102)04 polyhedra are linked into tetra¬ 

gonal corrugated layers of composition [U02(P04)]{{~ parallel to (OOl) 

(Fig. 236). These layers are held together mainly via hydroxyl-hydrogen 

bonds to H2O molecules forming squares 

between the layers at two levels. The 

centers of half of the squares are taken 

by Cu (and its analogs) in the metatorber- 

nite subgroup, these being linked to the 

four H2O and to two O atoms in uranyl 

groups (Fig. 247). The torbernite sub¬ 

group has additional H2O (n of 2-4), which 

increases the c parameter. The centers 

of the H2O squares remain empty in the 

natroautinite subgroup, while one of the 

water molecules is replaced by Ba, Na, 

K, or NH4 and H3O, which have low elec¬ 

tronegativity and are mostly univalent. 

Interatomic distances in metatorbernite; 

Cu-(H20)402 = 1.91 (4), 2.40 and 2.66; 

U-O2O4 = 1.77, 1.82 and 2.33 (4);P-04 = 

• p ocu%uQoQ H^O 

Fig. 247. Structure of metatorbernite, 

with Cu in spaces between layers. 
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1.52 (Ross et al., 1964 [957]); in meta-autunite Ca—(1120)402 = 2.27 (4) and 

2.35 (2); U—O2O4 = 1.79, 1.99, and 2.32 (4); P—O4 = 1.47 (Markarov and 

Ivanov, 1960 [958]). Pseudoautunite should be monoclinic or triclinic (Ser¬ 

geev, 1964 [910]); the uranyl phosphate radical here is as in parsonsite. 

Chem. Compositions fairly constant, the main isomorphous com¬ 

ponent being As, which does not exceed 3-4%). Fritzscheite contains 

More data are needed on pseudoautunite. 

Phys. Tabular and platy, perfect (OOl) cleavage, moderate (100) 

and (010). 

2. CHURCHITE GROUP. Mon, 

S.g. a b c P Z P H 

Churchite Y(H20)2[P04l cl, C2„-42/a 5 47 15.15 6,29 113° 24' 4 3.1 3—3.5 

Brushite HCa (H^ORPOi] d, — 42 5 89 15.18 6.38 117° 28' 4 2.26 2.5—3 

Ardeal ite HCa.i(H20)4 [PO4] [SO4] OD Not det. 5.68 14 67 6.29 -113° 2 2.30 (2-5) 

Str. Churchite is isostructural with gypsum., while brushite and 

ardealite are homostructural with the latter. Brushite has corrugated 

Ca[P04] layers perpendicular to the b axis, which consist of chains: 

that lie at different levels and are firmly connected via Ca-0 bonds (d = 

2.35) (Fig. 248). The layers have projecting H2O molecules which 

Fig. 248. Structure of brushite; the hydroxyl- 

hydrogen bonds to H20 molecules are shown 

by broken lines. 

provide the hydroxyl-hydrogen 

bonds (broken lines in Fig. 248) 

that connect them together, these 

being the weakest bonds in the 

structure. Interatomic distances; 

Ca-Og (H20)2 = 2.35 (2), 2.44 (2), 

2.82 (2), 2.54 (2); P-O4 = 1.54; 

O-H2O = 2.82; O-H-O = 2.63 

(Beevers, 1958 [313]). 

Chem. Y in churchite is 

replaced by Ca (<5.4%), and also 

by Dy, Er, Yb, Gd, etc. Brushite 

and ardealite are of constant com¬ 

position. 

Phys. Tabular on axis, laths 

elongated on c axis; highly perfect 

(010) cleavage, moderate (001), also 

moderate (100) in churchite. 
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Fig. 249. Structure of vivianite, with 

Fe02(0H)4 and PO4 polyhedra forming lay¬ 

ers parallel to (OlO). 

3. VIVIANITE GROUP. Mon. 

S.g. a b c Z p H 

Vivianite (Fegl^., Fe®’*') (H20)8_a-(P04]2 (OH),^ <1; Clh — C2lm 10.08 1.3.43 4.70 2 2.71 2—3 

p = 104’ 30' 

Bobierrite Mgj (HjOls 1 P04].2 C\i^ — P2Jc 9.97 27.71 4.65 4 2.17 2—3 

= 104°01' 

Str. Two types of Fe octahedron: Fe02(H20)4 and Fe04(H20)2, the 

latter being paired via 0-0 edges (Fig. 249). The single and paired oc- 

tahedra are linked via PO4 tetrahedra into uneven layers parallel to (010), 

which are connected by weak H2O-H2O hydroxyl bonds. Interatomic dis¬ 

tances: Fe-02(H20)4 = 2.00 (2) and 2.01 (4); Fe-04(H20)2 = 2.02 (2), 

2.01 (2), and 2.02 (2); P-O4 = 1.64; H2O-H2O =3.00 (Mori and Ito, 1950 

[911]). Bobierite has twice the b parameter of vivianite. 

Chem. Oxidation causes a continuous composition change in vi¬ 

vianite, Fe2+ being isomorphously replaced by Fe^+, valency compensation 

being provided by H2O-OH replacement. All the oxidation products, the 

so-called kerchenites, have the same structure (Gamidov and Mamedov, 

1960 [959]), so we have the subspecies ferrovivianite and ferrivivianite 

(parameters Imown only for the first). Isomorphous minor components 

are Mn (<2.6%) and Mg (<1.9%). The Mg in bobierite is replaced by Fe 
(<15%) and Mn (<3%). 

Var. Mn-vivianite, Fe-bobierite, Mn-bobierite. 

Phys. Platy to laths, elongated on c axis and flattened on b axis; 
perfect (010) cleavage. 

4. TARANAKITE GROUP. Trig., dIj-R3c,Z = & 

ah Ch p H 

8,71 96,1 2.09 (2—2.5) 

— — -2.65 2.5—3 

Taranakite 

Engl i shite 

K3H9Al4(H20)8[P04|8 & 
K2Ca4Al8(H.M)9[PO.,l8(OH)i„t|, 
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Str. Not known; assigned from morphology, properties, and crys- 

tallochemical considerations. The layers in taranakite presumably con¬ 

sist of A1 and PO4 tetrahedra, perhaps with K atoms, between which lie 

water molecules. There are probably six such layers in the unit cell 

(Smith and Brown, 1959 [960]). 

Chem. K in taranakite replaced by NH4 (^1%) and Ca (<1.5%), and 

A1 by Fe (<1.2%); K in englishite is replaced,by Na (1.6%). 

Phys. Platy; englishite has perfect (001) cleavage. 

DIVISION D. HYDRATED WITH ADDITIONAL ANIONS 

1. PHOSPHURANYLITE GROUP. Orth., — Bmmb, Z = 6 

a b c P H 

Kivuite Th (HjOls [(U0.3)4 (P04)3 (OH)eJ ^ 15.88 17.24 13,76 (4.5) (2-3) 

Rena rd i te Pb (H20)8 [(U02)4 (P04)2 (0H)4] (1, 16.01 17.5 13.7 4.3 3—3.5 

Phosphurany 1 i te Ca (HaO), [(U02)4 (P04).2 (OH)4] & 15.85 17.7.2 13.76 4.1 2—3 

Bergeni te Ba (HaOs [(U02)4 (P04).2 (OH)4] ^ 16.2 17.7 13.9 4.2 (2-3) 

Dewindtite Pba (HaO), f(U02)4 (P04)3 (OID.d ^ 16.00 17.62 13.66 5.0 (3—3.5) 

Str. Not known, but the habit and cell parameters suggest a close 

relation to the uranium micas. The b parameter corresponds to c of the 

metatorbernite group, while a and c are similar and are twice the a of 

metatorbernite. 

Phys. Tabular and platy, perfect (100) cleavage, moderate (010) 

(phosphuranylite). 

2. DUMONTITE GROUP. Mon., cIh — Z = 2 

a b c ^ p U 

Dumon ti te Pb(H20),, [(00.2)3(904)2(011)3]TO 8,16 16.73 7.02 110° 5.0 3.5 

Coconinoite Al^Fe] + [(UOp^ (POO4 (SO4) (OH)J cJ) — — — — 2.70 (2.5) 

Str. Dumontite has [(U02)3(P04)2(0H)2]n^~ layers parallel to (100), 

which are connected via Pb atoms; U takes two different positions, with 

CNof7and8 (Piret-Meunier, et al., 1962 [961]). Kokoninoit not studied 

(Young et al., 1966 [1122]), 

Chem. Data inadequate; the high Pb content of the earlier formulas 

for dumontite was an error. 

Phys. Platy to laths elongated on c and flattened on a; moderate 

(lOO) cleavage in dumontite. No cleavage observed in coconinoit. 
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3. METAVAUXITE-LAUEITE GROUP. Mon. tricl. 

Here the minerals have been divided into subgroups by symmetry 

and proposed revised names are given. The species of the metavauxite 

(clinovauxite) subgroup have the a parameter twice that found in the 

laueite subgroup, so the unit cell is twinned on the a axis. This twinning 

is characteristic of the species in each subgroup; in strunzite it occurs 

on the b axis, while in vauxite (metavauxite) and stewartite (paralaueite) 

it occurs on the a axis. The latter two minerals have unit cells closely 

similar to those of metavauxite and pseudolaueite (clinolaueite), but with 

slight triclinic distortion, so the principle of classification requires us 

to assign them to the laueite subgroup. 

Metavauxite subgroup. Mon. 

S.g. a b c P z p H 

Metavauxite C^h — F’2j/c 10.23 
(cl inovauxite) 

Fe (HjO)^ {Ah (H20)2 (P04)2 (0H)2} • 2H2O S, 

9.59 6.94 98° 02' 2 2.35 3.5 

Pseudolaueite Not det. 9.57 
(cl inolaueite) 

Mn (H20)4 (Fej (HjOla [P04)2 (OHij) • 2H2O S, 

7.45 10.16 0
 0 0
 

2 2,46 3.5 

Strunzite — C2/C 9.80 

Mn (H20)4 {Fe2 [P04]2 (OUh] • 2H2O S^ 

18.06 7.34 

0
 

0 8
 4 2.50 3.5 

Laueite subgroup Tricl. C’ — PI, Z= 1 : 2 

a b c a t P H 
Sigloite 5.26 10.52 7,06 106° 58' 111° 30' 69° 30' 2.35 3.5 

Fe3+ (H20)4 (AI2 (H.,0)2 [P0412 0 (OH)) ■ 2H2O s. 
Paravauxite (vauxite) 5.24 10.54 6.97 107° 32' 110° 23' 72° 09' 2.38 3.5 

Fe (H.20)4 ; Ah (H20)2 [PO4I2 (OH)2) • 2H2O ^ 
Laueite 5.28 10.66 7.14 107° 55' 110° 59' 71° 07' 2.49 3.5 

Mn(H20)4 {Fe2(H.20)2(P04]2(0H)2) • 2H2O s 
00 

Gordonite 5.26 10.51 6.98 109° 27' 110° 58' 71°41' 2.23 3.75 

MglH.O), [A1.2(H.20)2[P04|..(0H)2) ■ 211,0 S, 

Vauxite (metavauxite) 9.09 11.57 6.15 98° 52' 92° 22' 107° 43' 2.40 3.75 

Fe(H20)4 !Ah(H20)2(P0,,]2(0H)2) ■ H.O 
Stewartite (paralauei te) 10.46 10.77 7.25 90° 35' 109° 58' 71° 21' 2.,50 3.5 

Mn(II,0), {Fe2(H..O).,|PO,,|.i(OH).,l ■ 2H.,0 ,1; 

Str. Studied in detail for laueite (Moore, 1965 [314]); chains parallel 

to the c axis consisting of Fe octahedra linked via common OH vertices 

and furtherlinked via O vertices to PO4 tetrahedra (Fig. 250b). These 

chains are linked along the a axis by the same PO4 tetrahedra into lay¬ 

ers of composition {Fe2(H20)2[P04l2(OH)2F- parallel to (010) (Fig. 250a). 

the layers being connected by Mn octahedra, which are connected via two 

opposite O vertices to four outer O vertices of P tetrahedra. These are 

the weakest bonds in the structure. The other four vertices of an Mn oc¬ 

tahedron remain free and bear H2O molecules. The further two H2O mole- 
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Fig. 250. Structure of laueite; a) projection on (001) showing lay¬ 

ers of composition [Fe2(H20)2(P04)2(0H)2]^" parallel to (010); b) pro¬ 

jection on (100) showing structure of chains of Fe octahedra and P 

tetrahedra in layers. 

cales in the formula are of zeolite type and lie in holes in the structure. 

The (010) cleavage in most of the species is due to the layer pattern, 

while the habit is much influenced by the chains. The linking of the poly- 

hedra would allow one to assign the structures to the framework type with 

zones of weaker bonds, as in the platy zeolites. Stereoisomerism with 

laueite has been proposed (Moore, 1965) for strunzite and stewartite. 

Interatomic distances: Mn—62(1120)4 = 2.08 (2), 2.07 (2), 2.19 (2); Fe— 

02(0H)2(H20)2 = 1.98 (2), 1.95 (2), 2.10 (2); P-O4 = 1.53. Recently the 

structures of metavauxite [1156] and vauxite [1157] have also been studied. 

For the latter interatomic distances are: Fe-(0,0H,H2 0)e = 2.16; Al- 

(0,0H,H20)6 = 1.90; P-O4 = 1.53. 

Chem. Composition mainly constant. Almost all show small traces 

of isomorphous Mg and Ca (0.5-1%), and also heterovalent substitution of 

the type R^"'' ^R®"^ and conversely. For instance, the Fe^^ in paravauxite 

is replaced by Fe^^ (<1.5%) and in vauxite by A1 (<1%), whereas A1 in 

metavauxite is replaced by Fe2+ (<4%) and in gordonite by Mg (<2%). 

Strunzite usually shows variations in Mn:Fe ratio from one locality to 

another (Frondel, 1957 [962]). Sigloite, which is formed from para¬ 

vauxite, has half the OH replaced by O (Hurlbut and Honea, 1962 [963]), 

and it usually also has Fel”^ (2-3%). 

Phys. Columnar to acicular, also laths. Cleavage observed only 

for sigloite, paravauxite, laueite, and gordonite on (010), perfect. The 

absence of cleavage in vauxite and stewartite causes these to approxi¬ 

mate to the metavauxite subgroup (also without appreciable cleavage). 

Inadequately Characterized and Doubtful 

Azovskite Fe|’^[P04] (OH)g (?) 

Bolwarite Al2[P04]'(0H)3 • H2O (?) 
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Borickite CaFe4[P04]2(0H)8 «3H2O (?) 

Delvauxite Fe2[P04](OH)3 • nH20 (?) 

Dittmarite (NH4)HMg3(H20)8[P04]3 (?) 

Foucherite Ca(Al, Fe)4[P04]2(OH)8 - 7H2O (?) 
Henwoodite HioCuAl4[P04]8 • 6H2O (?) 

Kingite Al3[P04]2(OH)3 • 9H2O (?) 

Kobokobite (Mn, Fe)2Fe2'^[P04]3(0H)4 • nH20 (?) 

Kryzhanovskite MnFe2fP04]2(0H)2 • H2O (?) 

Mitridatite Ca3Fe|‘^[P04J4(0H)g • nHgO (?) 

Orpheite Pb2Al4[P04]2[S04] (OH)8 • 4H2O (?) 

Richmondite A1(H20)4[P04] (?) 

Richellite Ca3Fejo[P04]8(OH)i2 • nH20 (?) 

Rosieresite (Pb, Cu)Al5[P04]2(0H)i4 • IOH2O (?) 

Sanjuanite AI2I P04)[S04]0H • 9H2O ( ?) 

Sodium hydrogen phosphate Na2H[P04] • H2O (?) 

Sokolovite (Sr, Ca)2Al8[P04]2(OH)22 (?) 
Spodiosite Ca2[P04]F (?) 

Triclinocrandallite Ca2Al2[P04]3(0H)4g • 3H2O (?) 
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Division A. Without Water and Additional Anions 

1. Moiybdomenite Pb[Se03] group 

2. Denningite CaMn[Te205]2 group 

Divison Bo Hydrated 

1. Mackayite Fe2(H20)2[Te03]3 group 

2. Chalcomenite Cu(H20)2[Se03] group 

Subclass 2. Layer 

lo Moctezumite Pb[U02(Te03)2l^ group 
2. Guilleminite Ba[(U02)3(Se03)2(0H)4l • 3H20ot group 

Inadequately Char acterized and Doubtful 

Subclass!. Insular 

Here the simple tellurites and selenites are accompanied by dior¬ 

thotellurites and orthodiorthotellurites. The [TeOs] and [SeOsJ radicals are 

pyramidal, as for all subgroup b elements from group 4 onwards, from 
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incomplete use of the valency electrons (electron shell of 18 + 2 type). The 

subclass has anhydrous and hydrated divisions. 

DIVISION A. WITHOUT WATER AM) ADDITIONAL ANIONS 

I. MOLYBDOMENITE GHOUP. Mon., Cj — P2, ot cl,, — P2Jm, Z = 2 

a h c p H 

Molybdomenite Pb [SeO.,] 6,86 5.48 4,50 112° 45' 7.1 (2,5—3) 
(plumseite) 

Str. Not known. Analogous parameters have been reported for 

synthetic material (Mandarine, 1965 [964]). Probably similar to struc¬ 

ture of barytocalcite, but differing from latter in opposite disposition of 

the b and c axes (the b and c parameters must be interchanged). 

Phys. Platy to laths, perfect (OOl) cleavage, moderate in another 
(hOl) direction. 

2. DENNINGITE GROUP. Cubic^ten. mon., Z = 8;4 

Cl iffordite 

Denningite 

Spiro ffite 

UTejO, 

CaM'i [Te^Ojla 

MnZnfTe20,][Te0,] 

S.g. a b 

-Pa 3 11.37 — 

04/1 — PAiInbe 8,82 — 

Cs- - Cc or Ca/j — C2/c 13.00 5.38 

c 8 /O H 

— — 6.8 4—4.5 

13.04 — 5.1 4 

12.12 98° 5.0 3.75 

Str. Known for denningite, a dimetatellurite. Ca has CN = 8, while 

MnhasCN = 6. The CaOg and MnOg polyhedra are linked by two common 

edges and alternate in columns parallel to the c axis (Fig. 251a), which 

are connected via TeOg pyramids in the form of pairs as Te205, Taking 

four O atoms around Te as coordinated (d = 2.36), we get the TCjOg ra¬ 

dicals linked into strips of Te polyhedra parallel to the c axis, which are 

Fig. 251, Structure of : a) denningite in projection on (010), broken lines indicating 

the fourth Te —O coordination bond, b) chalcomenite in projection on (lOQ). 
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responsible for the basal cleavage. Interatomic distances: Ca—Og = 

2.42 (4) and 2.46 (4); Mn-Og =2.04 (4) and 2.39 (2); Te-Og+i = 1.84, 1.87, 

2.04, and 2.36 (Walitzi, 1964 [316]). 

Chem. Part of the Ca in denningite is replaced by Mn, while the 

latter (in the octahedral positions) is itself isomorphously replaced by 

Zn (2.6%) and Mg (0.2%); Mn in spiroffite is replaced by Ca (0.2%). Clif- 

fordite has an admixture of Pb (<3%) [1254]. 

Var. Zn-denningite. 

Phys. Platy or thick tablets, perfect (001) cleavage only in denningite. 

DIVISION B, HYDRATED 

I. MACKAYITE GROUP. Hex.—>teti>orth.—^ mon.—>tricl. 

S.g. a b c /S Z P H 

Zemann 1 te (H,.^Na^)Zn,[Te03]3 nHp Cl^~P6/m 9.41 - 7.64 — 2 4 (3—3.5) 

Mackayi te Fe/Hp)s[Te03l3 Dl°fi—lA/acd 11.72 — 14.98 — 8 4.9 5 

Rough ite Fe2(Hp)3[Te03]2[S0j —Prnnb 9.66 14.20 7.86 — 4 3.8 3 

Sonoraite Fe(H20)[Te03](0H) C^-P2/c 10.98 10.27 7.92 108°29' 8 4.2 3.5 

Roda 1 qu i 1 or ite H3FejTe03]^Cl C[-P1 8.89 5.08 6.63 107°05' 1 5.1 2.5—3.5 

a = 103° 10' y=77°52' 

Str. For zemannite a zeoIite-Iike structure with sodium-hydrogen 

(water) interchange in channels is assumed (Mandarine et al., 1969 [1263]). 

In the rodalquilarite structure, FeOg octahedra form chains which are 

joined by trigonal TeOg pyramids making dense planes which are connected 

by weak Te-Cl-Te bonds and by hydrogen bonds.Mean interatomic dis¬ 

tances are: Fe—Og = 1.91-2.12 (d = 2.03); Te —O3 = 1.86-1.91 (d = 1.89); 

Te-Cl = 3,06; 0—H-0= 2.33-2.55 (Dusasoy and Protas, 1969 [1264]), 

Chem. Mackayite has been fully analyzed by Gaines (1965 [1257]) and 

Pertlik (1968 [1258]). The formula corresponds to data [1257]; Pertlik 

analyzed an artificial product and proposes the formula Fe[Te2 05]OH. 

Phys. Mackayite; short columns to isometric, no cleavage; pough- 

ite: perfect (010) and (101) cleavage [1256], Rodalquilarite has moderate 

cleavage in one direction [1255]. 

2. CHALCOMENITE GROUP. Orth. mon. 

S.g. a b c P Z P H 

Tei neite Cu (HaOk [TeOal D2-P2,2i2, 6.63 9.61 7.43 — 4 3.8 3 

Choi comen i te Cu (HjOia [SeOsI dI - P2i2i2, 6.66 9.12 7.37 — 4 3.4 2.5—3 

Ahlfel di te Ni(H20)2[ SeOj] C=^-P2/rt 6.51 8.82 7.64 9 8° 36' 4 3.4 (3) 

Coba 1 tomen i te Co(a20)2[Se03] Clh-P2/n 6.46 8.75 7.55 99°00' 4 3.5 (3) 
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Str. Identical for teineite and chalcomenite. Cu in the latter has 

very distorted octahedral coordination, in which three O atoms and one 

H2O molecule are arranged in a square around Cu (distances 1.94-1.98) 

with two further H2O at 2.27 and 3.21 (Gattow, 1958 [317]). Se has three¬ 

fold pyramidal coordination, with Se—O of 1.72, 1.77, and 1.78, the three 

O atoms around Cu belonging to three different Se03 groups (Fig. 251b). 

The structure of teineite (Zemann and Zemann, 1962 [318]) is analogous, 

with distances of 1.81, 1.88, and 1.88 in the TeOs pyramid, while the dis¬ 

tances in the CUO3H2O square are 1.79-1.98, the other two molecules 

being at 2.35 and 3.30. The bonds along [010] are somewhat weaker, on 

account of the position of the water molecules, which produces the correspond¬ 

ing cleavage. Ahlfeldite has not been examined in detail, but it appears 

similar to the previous, with a slight monoclinic distortion of the unit 

cell, as for synthetic selenite Zn(H20)2[Se03], whose space group is 

C|h-P2i/n; a = 6.45; b = 8.80; c =7.65; (3 = 82°, Z =4 (Gladkova and 

Kondrashev, 1963 [966]). 

Chem. Te in teineite is replaced by S (up to 7% SO3); chalcomenite 

is constant in composition. Ahlfeldite has considerable Co—Ni isomorphism 

(Gattow and Lieder, 1963 [319]). 

Var. So3-teineite, Co-ahlfeldite, Ni-cobaltomenite. 

Phys. Teineite and chalcomenite are columnar but are not iden¬ 

tical in habit (Dana [154]), perfect (010) cleavage (not reported for chalco¬ 

menite in works of reference). Ahlfeldite and cobaltomenite form very 

small prismatic crystals, no cleavage observed. 

Subclass 2. Layer 

Here the layer pattern (as in analogous subclasses of other classes) 

is determined by the coordination of U, which has its coordination bonds 

preferentially in one plane. 

1. MOCTEZUMITE GROUP. Mon. ^ ortli. 

S.9 a b c P Z p H 

Moctezumite Pb [(UOj) (TeOalz] <1, Cli^ — P2Jc 7.82 7.07 13.84 93° 38' 3 5.4 3.5 

Sch mine rite UO^TeOj] & — I’mab 7.H(i 5.36 10.09 — 3 6.9 (2—3) 

Str. Not known; assigned from morphology, cleavage, and crys- 

tallochemical arguments. Probably isostructural with pseudoautunite. 

Cliem. Data on composition variations inadequate (Gaines, 1965 

[969]; Gaines, 1971 [1384]). 

Phys. Platy to tabular, perfect (100) cleavage, biaxial negative. 
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2. GUILLEMINITE GROUP. Orth. ^ tricl. 

S.g. a b c Z P H 

Gui 11 em In ite Dili — Pncm (?) 7.25 16.84 7.08 2 4.9 (3—3.5) 

Ba [(UO^la (SeOg)^ (OH)4] • 3HoO S, 

Demesmaekeri te C^—PI or C] —PI 11.90 10.02 5,63 1 5,4 3.5—4 

PbjCus [(UOala (SeOg)^ (OH)e] • 2H20 a = 89° 50' P = 100° 20' T = 91 ° 25' 

Marthozite D^fi—Puma 16.40 17.20 6„98 4 4.7 (3.5—4) 

Cu[(U02)3(Se03)3(0H)J. 70^0 ~ 

Str. Not known; assigned from morphology, physical properties, 

and crystallochemical data (uranyl-selenite layers form the basis of the 

structure) (Pierrot et al., 1965 [967]; Cesbron et aL, 1965 [968]). Guil- 

leminite is very close in structure to dumontite. 

Chem. Data not complete. 

Phys. Platy to tabular; guilleminite has perfect (100) cleavage, 

(010) moderate; demesmaekerite has no reported cleavage; marthozite 

has perfect (100) cleavage and flattened habit [1259]. 

Inadequately Characterized and Doubtful 

Blakeite Fe2[Te03]3( ?) 

Dunhamite Pb[Te03] (?) 

Emmonsite Fe2 (H2 0)2[Te03]3 

Ferrotellurite FeTe04(?) 

Magnolite Hg2[Te03] (?) 
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Subclass]. Insular 

DIVISION A. WITHOUT WATER AND ADDITIONAL ANIONS 

1. SEDOYITE GROUP. Orth. I ?), Z = 1 

a b c p 

Sedovite (urmolite) U[Mo04|.2 3.36 11.08 6,42 4.1 3.5 

Str. Not known; parameters deduced from powder pattern. May be 

monoclinic (Skvortsova and Sidorenko, 1965 [970]). 

Cheni. Variations not known. 

Phys. Needles, moderate cleavage along length. 

2. SCHEELITE GROUP. Telr., C^h — 2 = 4 

Scheel ite 
Powel 1 ite 
Stolzite 
Wulfen ite 

Ca [WO4] 
Ca [M0O4] 

Pb [WO4) 
Pb [M0O4] 

a c P H 
5.25 11.40 6,1 5 
5.24 11,46 4.2 4 

5.45 12.03 8.4 3—3.5 
5.42 12,10 6.9 3—3.5 

Str. Close to that of zircon and anhy¬ 

drite, but differ from these in the mode of 

linking of the CaOs or PbOg polyhedra (Belov, 

1947 [58]). The WO4 and M0O4 tetrahedra are 

somewhat flattened along the vertical axis 

(Fig. 252) and have edges in common with 

CaOg or PbOg (S. B. I [175]). The interatomic 

distances are not very precisely known, the 

values given for scheelite being W—O4 = 1.80; 

Ca-Og^ 2.79 p. 347 [175]. A later paper 

(Sillen and Nylander, 1943 [971]) gives stan¬ 

dard Ca—0= 2.40 characteristic of sixfold 

oxygen coordination for Ca. Calculation of 

the hardness of scheelite (Povarennykh, 1963 

[60]) indicates a normal distance Ca-Og = 

2.50. The most probable values are W-O4 = 

1.78; Ca-08= 2.46 (Burbank, 1965 [972]). 

The space group of wulfenite has been revis¬ 

ed by Araki (1957) [973]; the interatomic dis¬ 

tances for wulfenite are Pb—Og= 2.61 (4) and 2.63 (4); Mo —©4= 1.77 

(Leciejwicz, 1965 [974]). 

Chem. W-Mo isomorphism is the main cause of composition varia- 

Fig. 252. Structure of scheelite, 

showing flattening of WO4 tetrahe¬ 

dra along the c axis. 
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tion in scheelite and powellite. The Mo:W ratio in scheelite ranges up to 

1:1.4 (24% M0O3) and up to 9:1 in powellite (up to 10.3% WO3). The Ca 

in scheelite is also partly replaced by Cu and TR. The Pb in wulfenite 

is replaced by Ca (<6.9%; Ca:Pb = 1:1.7) and TR (<2.2%), while Mo is 

replaced by W (up to 1:1), V (<1.3%) and U (<11.6%). The W in stolzite 

is replaced by Mo (<l.7%) and the Pb by Ca (<1%). 

Var. Mo04-scheelite, Cu-scheelite, W04-powellite, U-wulfenite, 

WO4-wulfenite, VO4-wulfenite, Ca-wulfenite, (TR, WO4)-wulfenite, M0O4- 
stolzite, Ca-stolzite. 

Phys. Isometric or occasionally tabular (wulfenite), imperfect 
cleavage in three directions. 

:i. RASPITE GROUP. Mon., —P2,/c, Z = 4 

a b c p pH 
Raspite (plumwol ite) Pb [WO4I 5.58 5.00 13,64 107'’33' 8.5 3—3.5 

Str. Not known. The cell parameters and properties indicate a 

similarity to stolzite (pseudotetragonal). 

Chem. Composition constant. 

Phys. Thick tablets on (100), perfect (100) cleavage. 

DIVISION B. HYDRATED 

1. FERRITUNGSTITE GROUP. Tetr. ^ orth. l ?l 

a b c Z p H 
Ferritungstite Ca.FejFea^ (HaOig [WO41, (?) 10.28 — 7.28 1 4.9 — 

Ferrimolybdite Fej (HaOlg (Mo04]3 (?) — — — — 3.1 1—2 

Str. Not known; space group of ferritungstite not established, sym¬ 
metry of ferrimolybdite not accurately known. 

Chem. Data inadequate. Ferritungstite from different sources 
varies substantially in composition (Burnol et al., 1964 [975]). 

Phys. Cryptocrystalline aggregates composed of very small crys¬ 

tals, which for ferritungstite are isometric (tetragonal dipyramids 0.01- 

0.02 mm in size). Ferrimolybdite sometimes forms radially radiated 
aggregates. 

2. BETPAKDALITE GROUP. Mon., C2/1 — 2/m (?) 

a b c p Z P 

CaFer (H20)i4(As2Mo5024l 11.22 19.25 17.73 92’30' 4 3.0 Betpakdalit 
H 

3,5 
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Str. Not known. Parameters after [1411]. 

Chem. Composition constant. Considered as a compound with a 

complex As—Mo radical (Ermilova and Senderova, 1961 [1261]). 

Phys. Isometric crystals to short columns about 0.02 mm in size. 
No cleavage reported. 

Subclass 2. Layer 

1. LINDGRENITE GROUP. Mon., — P2i/n, Z = 2 

a b c ^ pH 

Lindgrenite CUp, [Mo04]2 (OH)2 to 5 61 14.06 5.40 98° 23' 4.3 5 

Cuprotungstite Cua (WO4] (OHla cl; — — — — (~5.6) (5) 

Str. Known for lindgrenite (Calvert and Barnes, 1957 [321]). There 

are two types of polyhedron: M0O4 tetrahedra and Cu04(0H)2 octahedra. 

The latter are linked by edges into chains along the a axis (Fig. 253a), 

and the chams are connected via M0O4 tetrahedra (which form common ver¬ 

tices with the Cu octahedra, Fig. 253b). The weakest bonds lie along the b 

axis, which is responsible for the layered structure parallel to (010). Inter¬ 
atomic distances: Mo—O4 = 1.74; Cuj—04(011)2 = 2.46 (2), 1.96 (2), and 1.98 

(2); Cuii-04(0H)2 = 1.92, 2.36, 1.93, 2.45, 1.99, and 2.00. 

Chem. Lindgrenite is of constant composition; cupritungstite con¬ 

tains Ca (<4%) and Mg (<0.7%). 

Phys. Lindgrenite forms crystals tabular or platy on (010), perfect 

cleavage in that direction. Cupritungstite occurs as incrustations and 

aggregates. 

Fig. 253. Structure of lindgrenite; a) projection on (001), chains of Cu octahedra 

linked into layers by M0O4 tetrahedra, b) projection on (100), layer pattern parallel 

to (010). 
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2. IRIGINITE GROUP. Mon., s.g. not det., Z = 3 

a b c fi p H 

Iriginite U [Mo04].2 (OH).> ■ 3H.,0 8.60 12.90 7.50 107^40' 3.9 2.5—3 

Sir. Not known. The cell is pseudotetragonal, so it is supposed 

that the structure is close to that of lindgrenite, iriginite thus differing 

substantially from the uranium micas (Kazitsyn, 1961 [322]). 

Chem. Data not complete; the water content varies somewhat 

(Stepnenson, 1964 [976]). 

Phys. Platy crystals with perfect cleavage on (010), moderate on 

(100), and imperfect on (101). 

3. COUSINITE GROUP. Mon. i ? l 

a b c ^ Z /o H 

Cousinite Mg 1(U02)2 [M0O4I2 (0H)2} ■ 5H20 c» 6.37 33,46 15.0 90° — — — 
(magurmolite) 

Cal curmol ite Ca {(U02)3 [M0O4I3 (OH)2} ■ 8H2O cy — — — — — — 

Melkovite H,CaFe[POJ[MoOJ,-6Hp& 10.93 18.48 17.46 94-30' 4 2.97 3.5 

Str. Not known; assigned from morphology and crystallochemical 

considerations. Formula of melkovite after Yegorov et al., 1969 [1385]. 

Chem. Data inadequate, especially for calcurmolite; H2O content 
variable and dependent on external conditions. 

Phys. Tabular or platy, perfect basal cleavage (?). 

4. ANTHOINITE GROUP. Tricl.^mon. 

S.g. a b c 3 Z P H 

Anthoin ite Al[W0j0H-Hp& C[—PT(?) 9.51 9.23 13.05 

a = 93°20' y = i 

120° 

?8°20' 

10 5.1 (3—4) 

Cerotungstite Ce[W0j0H-up <&(?) C\—P2^ 5.87 8.70 7.07 105°27' 2 5.3 (3.5) 

Sir. Not known. 

Chem. Additional chemical analyses desirable. The formula 

Ce(W03)2(0H)3 for cerotungstite has been proposed (Sahama etal., 1970 [1260]). 

Phys. Usually in colloidal-dispersed aggregates; crystals have 

bladed form with perfect cleavage (for anthoinite) in one direction. 
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Inadequately Characterized and Doubtful 

Farallonite 2MgO • W2O5 • Si02 • nH2 0 

Moluranite 3UO3 • 5M0O3 ' nH2 0 ( ?) 

Mourite UO2 • 5M0O3 ' 5H2O (?) 

Pateraite Co[Mo04] • nH20 (?) 

Thorotungstite (Th, Ce, Zn) WiOg • nHgO (?) 

Yttrotungstite YW3O9 (OH)3(?) 
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Subclass 1. Insular 

Division Ac Without Water and Additional Anions 

1. Crocoite Pb[Cr04] group 

2. Tarapacaite K2[Cr04] group 

3. Lopezite K2[Cr207] group 

Division B. With Additional Anions or Radicals 

1. Vauquelinite Pb2Cu[P04][Cr04]0H group 

2. Bellite Pb2Pb3[Si04] (C r04]20 group 

3. Phoenicocroite Pb2[Cr04l0 group 

4„ Schmeiderite PbCu[Se04|(OII)2 group 

Division C, Hydrated 

1. Iranite Pb(H20)[Cr04l group 

Inadequately Characterized and Doubtful 

574 
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Subclass 1. Insular 

DIVISION A. WITHOUT WATER AND ADDITIONAL ANIONS 

1. CROCOITE GROUP. Tetr.-^ mon. —>orth., Z = 4 

S.g. a b c p P H 

Chromatite Ca [Cr04] — Mj/amd 7,26 — 6,26 — 3,1 (3.75) 

Crocoite Pb [Cr04] Cl„ - P2Jn 7.12 7.43 6.79 102° 27' 6,1 3—3,5 

Kersten ite Pb [Se04l Dl^—Pnma 8.60 5.63 7.12 — 6,8 3.5 

Olsacherite PbJSeOj[soJ Dj—P22i2 8.42 10.96 7.00 — 6.6 (3—3.5) 

Str. Chromatite is isostructural with zircon (CN = 8 for Ca), while 

crocoite and kerstenite are isostructural with monazite CeP04 (k = 9 for 

Pb)o The cell parameters of kerstenite are for artificial Pb[Se04] (Pis- 

torius and Pistorius, 1962 [977])=, Interatomic distances in crocoite: 

Pb-09= 2.53-3.11 (dj^= 2.79); Cr-04 = 1.61-1.67 (djn= 1.65) (Quareni 

and de Pieri, 1965 [1117]). 

Chem. Chromatite has not been analyzed. Crocoite is of very con¬ 

stant composition; kerstenite has not been studied fully. 

Phys. Crocoite and kerstenite are columnar, sometimes acicular. 

Crocoite has moderate cleavage on (110), kerstenite has imperfect cleav¬ 

age along the length, and chromatite has no cleavage. 

2. TARAPACAITE GROUP. Orth., — Pmcn, Z = 4 

a b c p H 

Tarapacaite (kachrite) K2 {Cr04] 5.93 10,42 7.63 2.74 (2,5—3) 

Str. Isostructural with mascagnite (NH4)2[S04] (p. 446 [176]). 

Chem. Data inadequate. 

Phys. Thick tablets, moderate cleavage on (010) and (001). 

3. LOPEZITE GROUP. Tricl., c] — PT, Z = 4 

a b c a p 7pH 

Lopezite (kadichrite) Kj fCraO,] 7.52 13.43 7.39 98° 00' 90° 51' 96° 13' 2.69 2.5-3 

Str. K and Cr lie in four independent positions. The Cr04 tetra- 

hedra are linked via vertices into pairs as CrgO^ groups. K has four 

types of environment; two as KO7 (trigonal prism and semioctahedron), 

one as octahedra, and one with CN = 8. The K polyhedra are linked together 
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in groups of four linked by edges and vertices, which are connected in the 

same way and also via Cr207 groups. Interatomic distances: Kj—O7 = 

2.67-2.78 (dm= 2.73) and 2.97; Kg-O7 = 2.78-3.00 (d^ = 2.91) and2.69 (1); 

Kg-Og = 2.73-2.93 (dm= 2.84); K4-O8 = 2.82-2.95 (dm = 2.88) and 2.96 

(1); Cr-04 = 1.52-1.65 (3); 1.73-1.85 (1) (Kuz'min et al., 1967 [978]). 

Clieiii. Only microchemical data, 

Phys. Spheroidal aggregates; artificial crystals are short columns 

on (001). 

DIVISION B. WITH ADDITIONAL ANTONS OR RADICALS 

1. VAUQUELINITE GROUP. Mon., Z = 4 

S.g. a b c pH 

Vauquelinite PbaCu (PO4] [Cr04l OH cl,j — P2iln 13.68 5.83 9.53 93“ 58' 5.8 3.5—3,75 

Fornacite Pb^Cu [ASO4) [Cr041 OH Cah — P2i/c 8,11 5.88 17.56 110“00' 6.3 (3.5) 

Str. Fornacite has CN = 9for PbandCN = 6for Cu. Interatomic dis¬ 

tances: Pb-Og = 2.35-3.03; Cu-Og = 1.97 (4), 2.36 and 2.47; AS-O4 = 1.61; 

Cr-04 =1.63 (Cocco, 1966 [979]). 

Cheni. Both minerals have slightly variable Pb:Cu and P04:Cr04 

or As04:Cr04 ratios (Palache et al., [154]; Bariand and Herpin, 1962 [324]) 

Phys. Vauquelinite occurs as small laths, while fornacite occurs as 

columnar crystals. No cleavage. 

2. BELLITE GROUP. I. 

S.g. a ^ C Z /O H 

Bellite PbaPb, |Si04| (CrOilaO Cg/, — P&a/m 10.35 — 7.39 2 (6.6) 3.5 

Hemihedrite Pb4Pb^Zn[si04 ] jlCrO J C]—^IT 9.50 11.44 10.84 1 6.4 3.5 

™ B = 92“06' y = 55“50' 

Str. Apatite type, CNof 7 and 9 for Pb. Parameters quoted from 

Strunz (1958). The structure of hemihedrite is built of Cr04 and Si04 

tetrahedra, between which are placed Zn and Pb atoms in sixfold, eight¬ 

fold, and ninefold coordinations. Interatomic distances are: Pb—O9 = 2.29 

3.34; Pb-Og = 2.32-3.11; Zn-04F2 - 2.05-2.17; Cr-O4 = 1.60-1.70; Si-04 

1.62-1.65 (McLean and Anthony, 1970 [1265; 1266]). 

Chem. More data needed on composition of bellite; Pb replaced 

by Ag and Cr®^ by As^^ (<6.6%) (Palache et al., 1951 ]154[). 
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PHOENICOCHROITE GROUP. Mon., '-2h. — C2/m ,2 = 4 

a b C P 

Phoen i coch roi te Pbj (CrOj] 0 14.00 5.68 7.14 115° 13' 

Scheibeite Pbjcr0j305 15.16 5.68 14.03 121°36' 

Str. Phoenicochroite is isostructural with lanarkite Pb2[S04] O. Struc¬ 

ture contains independent chromate tetrahedra; Pb atoms in special po¬ 

sition in mirror planes. The additional oxygen is associated with and 

tetrahedrally coordinated by the Pb atoms. Interatomic distances are; 

Pb —O5 = 2.78; Pb—O4 = 2.60; Cr —O4 = 1.67 (Williams et al., 1970 [1270]). 

Chem. Analyses of phoenicochroite inadequate; formula quoted 

from Bariand (1963) [325]. 

Phys. Tabular crystals, perfect cleavage in (201); poorer clea¬ 

vages are on (001), (010), and (011); for scheibeite perfect cleavage has 

been observed on (100) and distinct on (201) (Miicke, 1970 [1267]). 

4. SCHMEIDERITE GROUP. Mon. 

a b c ^ p H 

Schmeiderite PbCu fSe04] (OH)2 (?) — — — — (5.6) (2,5—3) 

Str. Isostructural with linarite (Hey, 1963 [323]), 

Chem. Data inadequate. 

DIVISION C. HYDRATED 

1. IRAMTE GROUP. Triil., c] — Pf, 2 = 8 

ai)ca(3;f pH 

Iranite Pb (HaO) fCr04j 10.02 9.54 9,89 104°30' 66^ 108°30' (5.8) (2,5-3) 

Str. Not known, 

Chem. Composition determined by electron microprobe; full chemi¬ 

cal analysis required [1387]. 

Phys. Small columnar crystals. 

Inadequately Charaeterized and Doubtful 

Berezovite Pbg[Cr04]3[C03]02 (?). 

Chrominium Pb2[Cr04]0 

Khunite (Pb, Zn, Cu)[Cr04]0 
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Subclass 1. Insular 

Division A. Without Water and Additional Anions 

Subdivision I. Simple 

1. Zinkosite Zn[S04] 

2. Anhydrite Ca[S04] group 

3. Baryte (Ba, Sr)[S04] group 

4. Thenardite Na2[S04] group 

5. Arcanite K2[S04] group 

Subdivision II. Complex 

1. Yavapaiite KFe[S04]2 group 

2. Langbeinite K2Mg2[S04l3 group 

3. Palmierite K2Pb[S04]2 group 

4. Glauberite Na2Ca[S04]2 group 

Division B. With Additional Anions 

Subdivision I. Simple 

1. Dolerophane CuCu[S04]0 group 

2. Brochantite CU4 [S04l(0H)e group 

3. Schuetteite IIg3[S04]02 group 
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4. Lanarkite Pb2[S04]0 group 

5. Sulfohalite Nag[S04l2ClF group 

Subdivision IL Complex 

1. Linarite PbCu[S04](OH)2 group 

2. Alunite-jarosite NaAl3[S04](0H)e-KFe3[S04](0H)6 group 
3. Chlorothionite K2Cu[S04]Cl2 group 

4. Sulfate-apatite Na3Ca2[S04]3Cl group 

Division C, With Additional Radicals 

1. Itoite Pb4[Ge02(0H)2][S04]3 group 

2. Caledonite Pb5Cu2[S04]3[C03](0H)g group 

3. Burkeite Nag[SO4]2(003] group 

Division D. Hydrated Sulfates without Additional Anions 

Subdivision I. Simple 

1. Bassanite Ca2(H20) [S04]2 gi’oup 

2. Kieserite Mg(H20) [SO4] group 

3. Zircosulfate Zr(H20)4[S04]2 group 

4o Chalcanthite Cu(H20)5[SO4] group 

5. Retgersite Ni(H20)g[S04] group 

6. Epsomite-melanterite Mg(H20)7 [SO4] —Fe(H20)Y [SO4] group 

7. Coquimbite Fe2(H20)9 [S04]3 group 

8. Mirabilite Na2(H20)io[S04] group 

Subdivision II. Complex 

1. Syngenite K2Ca(H20) [S04]2 group 

2. Leightonite K2Ca2Cu(H20)2[S04]4 group 

3. Ferrinatrite Na3Fe(H20)3[S04]2 group 

4. Lecontite NH4Na(H20)2[S04] group 

5. Astrakhanite Na2Mg(H20)4[S04]2 group 

6. Voltaite K2Fe5Fe4'^(H20) jg [S04]i2 group 

7. Picromerite K2Mg(H20)g[S04]2 group 

8. Tamarugite NaAl(H20)g[S04]2 group 

9. Rbmerite FeFe2‘^(H20) 14 [S04]4 group 

10. Mendozite NaAl(H20)ii[S04]2 group 

11. Alum KA1(H20) 12[S04]2 group 

12. Halotrichite (Mg, Fe)Al2(H20)22[S04]4 group 

Division E. Hydrated Sulfates with Additional Anions 

Subdivision I. Simple 

1. Langite Cu4(H20)[S04]0H group 

2. Butlerite Fe(H20)2[S04]0H group 
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3. Felsobanyite AI4(1^20)5 [S04](OH)io gi’oup 

4. Minasragrite V2'’"(H20)^ [S04]3(OH)2 group 

Subdivision II. Complex 

1. Fleischerite Pb3Ge(H20)4 [804)2(011)4 group 

2. Sideronatrite Na2Fe(H20)3 [804)2011 group 

3. Metavoltine K5Fe3(H20)8[S04)4(0H)2 group 

4. Kainite KMg(H20)3 [804)0! group 

5. Ettringite CagAl2(H20)M[804)3(011)12 group 

6. Copiapite (Mg, Fe)Fe| AH20)2o[S04 )6(OH)2 group 

Subclass 2, Ring 

1. Leonhardtite Mg(H20)4[SO4) group 

Subc lass 3. C hain 

1. Zippeite (U02)2[S04)(0H)2 • 4H20^ group 

2. Krausite K {Fe(H20) [804)2)^0 group 

3. Krbhnkite Na2{Cu(H20)2[S04]2}io group 

4. Mercallite K[11804)^ group 

Subclass 4. Layer 

1. Johannite Cu{ (U02)2[S04)2(0H)2} • 6H20^ group 

2. Rhomboclase HFe[S04)2 • 4H20^ group 

3. Natrochalcite Na{Cu2(H20) [804)20!! li, group 

4. Gypsum Ca(H20)2[S04)^ group 

Inadequately Characterized and Doubtful 

Subcla ss I. Insular 

DIVISION A, WITHOUT WATER AND ADDITIONAL ANIONS 

1. ZINKOSITE CROUP. Onh., Dj,', — Pnma, 2 = 4 

Choicocy oni te 
(cu pri si te) 

Zinkosite 

Cu fS04| 8.39 6.69 4.83 

a P H 

3.7 3.75-4 

Cl. 

None 

2n jSOjJ 8 60 6.75 4.77 3.9 (4—4.5) 

Sir. The minerals are isostructural; chalcocyanite has nearly reg- 

’lar SO4 tetrahedra linked via Cu atoms (CN = 6). Interatomic distances in 
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chalcocyanite Cu-Og = 1.87(2), 2.15 (2) , 2.36 (2); S-O4 = 1,51; in zinkosite 

Zn—Og = 1.95 (2), 2.13 (2), 2.35 (2); S—O4 = 1.48 (Kokkoros and Rentzeperis, 
1958 [981]). 

2. ANHYDRITE GROUP. Orth., — Cmcm, Z = 4 

a b c p 

Anhydrite Ca fS04| 6.23 6.97 6,98 3.0 3.75 

Fig. 254. Structure of anhydrite (general 

view); CN = 8 for Ca. 

Phys. Perfect cleavage on three 

pinakoids. 

Str. Pseudotetragonal, com¬ 

posed of regular SO4 tetrahedra linked 

by Ca(CN = 8, distorted; Fig. 254). 

Each SO4 tetrahedron is linked to four 

Ca polyhedra by common vertices, and 

to fifth and sixth polyhedra by common 

edges. Interatomic distances; Ca—Og = 

2.32 (2), 2.43 (2), 2.52 (2), 2.58 (2); 

S-O4 = 1.47 (2) and 1.48 (2) (Hbhne, 

1962 [982]). Cheng and Zussman (1963) 

[983] give almost identical distances. 

3. BARYTE GROUP. Orth., — Pnma, Z = 4 

a b c p 

Anglesite Pb(S04j 8.47 5,39 6.95 6.4 3—3.5 
Baryte (Ba, Sr)[S04) 8.87—8.38 5.44—5.35 7.15—6.87 4.5—4,0 3.5—3.75 

Str. The minerals are identical in structure. The SO4 tetrahedra 

are linked via Pb (or Ba or Sr) with CN = 7 in relation to SO4 (Fig, 255a) 

or CN = 12 in relation to oxygen (Fig, 255b), The interatomic distances 

have only recently been determined more or less accurately; two of the 

12 distances in the polyhedra are appreciably greater than the other 10, 

These distances are as follows: in anglesite Pb—0^2 = 2,63 (4), 2.77 

(2), 2.93 (2), 3.05 (2), and 3.25 (2) (mean 2.88); S-O4 = 1.42, 1.47, and 

1.48 (2); in strontiobaryte Sr—O12 = 2.48, 2.58, 2.65 (2), 2.66 (2), 2.99 (2), 

and 3.25 (2) (mean 2.83); S-O4 = 1.53, 1.55, and 1.50 (2); in bariobaryte 

Ba-Oi2 = 2.76, 2.78, 2.82 (2), 2.84 (2), 2.91 (2), 3.08 (2), and 3.30 (2) 

(mean 2.95); S-O4 = 1.50, 1.52, 1.48 (2) (Sahl, 1963 [984]; Garske and 

Peacor, 1965 [985]). 

Cheni. Anglesite is of constant composition, with traces of Ba. Bar¬ 

yte has perfect Ba—Sr isomorphism (Palache et al., 1951 [154]), with 
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Fig. 255. Structure of baryte: a) general view, b) coordination of Ba and cleavage in 

bariobaryte. 

tlie subspecies bariobaryte and strontiobaryte. Isomorphous components 

are Ca (^1.9%) and (for bariobaryte) Pb (^.17.8%). 

Var. Ba-anglesite, Ca-bariobaryte, Ca-strontiobaryte, Pb-bario- 

baryte. 

Phys. Thick tablets on (001) and short columns; perfect cleavage 

on (001) and (210). 

f. THENARDITE GROUP. Orth. hex. 

S.g. a b c Z p H 

Thenardite (nasite) Na2[S04] — Fddd 5.86 12.31 

Metathenardite (hexanasite) Naj [SO4) Not det. 5.40 — 

9.77 8 2,67 3—3,5 

7,59 2 2.57 (3—3.5) 

Sir. SO4 tetrahedra linked via Na with CN =6 (Fig. 256), Interatomic 

distances: Na—O0 = 2.32 (2), 2.44 (2), and 2,48 (2); S—O4 = 1.49 (Zacharia- 

sen and Ziegler, 1931 [986]). Metathenardite (stable above 240°C) has 

an unknown structure. 

Phys. Isometric, (010) and (101) cleavages perfect. 

Fig. 256. Structure of thenardite. 
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5. ARCANITE GROUP. Orth., - Pnicn, Z = 4 

Arcanite 
Mascagn ite 

K.|SO,l 
(NH4)2[S04] 

a b c 

577 10.07 7.47 
5.98 10.62 7,78 

P H 

2,70 (2,5—3) 
177 2.5—3 

Cl. 

(010) and (001) m 

(001) m 

Str. SO4 tetrahedra linked via K atoms or NH4 groups in two dif¬ 

ferent positions (CN of 9 and 10). Interatomic distances: K—O9 =2.68, 

2.71 (2), 2.77, 2.90 (2), 2.95, 3.07 (2); K-Oiq = 2.72, 2.89 (4), 3.06, 3.07(2), 
3.11 (2); S-O4 = 1.50 (p. 86 [176]). 

Chem. K in arcanite replaced to a substantial extent by NH4, 

Var. NH4-arcanite. 

Sulidivision II. Complex 

1. YAVAPAIITE GROUP. Mon..C]ft—C2/m, Z = 4 

a b c (i pH 

Yavapaite (kaferrisite) KFe [SO4]. 8.12 5,14 7.82 94° 24' 2.92 3—3.5 

Str. Not known. 

Phys. Thick tablets on c axis; (100) and (001) cleavages perfect, 
(110) moderate. 

2. LANGBEINITE GROUP. Cuhir, T* — P2i3, Z = 4 

a p H Cl. 

Langbeinite (kamagsite) K2Mg2[S04l,5 9,98 2.83 3.5—4 None 
Manganolangbeinite K2Mn.2 [504)3 10.03 3.0 (3.5) None 

Str. SO4 tetrahedra linked via K and Mg(Mn), with CN of 12 and 6 re¬ 

spectively. Interatomic distances in langbeinite: Mg—Og = 2.06; K—O12 = 

2.78-3.25; S—O4 = 1.48 (Zemann and Zemann, 1957 [987]). 

3. PALMIERITE GROUP. Trig., D]^—R3m/ 

Palm ierite KaPb [ SO4)., 

®r/i 

7.56 

a an 

42° 28' 5.58 

Ch 

20.67 

Z p 

1; 3 4.2 
Kalistrontite (kastronsi te) K2Sr ISO4J2 — — 5.46 20.70 3 3.3 
Glaserite K3Na [SO4I.2 — — 5.66 7.30 1 2,72 

Str. Palmierite and kalistrontite are probably isostructural; a pre¬ 

liminary study has been made for palmierite (Bellanca, 1946 [988]). The 

SO4 groups (two types) are linked via Pb and K, the Pb lying at all ver¬ 

tices of the rhombohedron, the S atoms being on the threefold axis near 

the acute vertices, and the K atoms (two types) lying within the rhombo- 



584 III. OXYGEN COMPOUNDS 

Fig. 257. Structure of palmierite and sulfohalite: a) rhombohedral cell of palmierite, b) sulfo- 

halite. 

hedron (Fig. 257a). Interatomic distances: K^—Og =2.71; Kg—Og =2.85; 

S1-O4 = 1.38; S11-O4 = 1.50. The three O atoms nearest to Pb are at dis¬ 

tances of 2.15. Glaserite has space group D|(J —P3mZ; Na has CN = 6, while 

K has CN = 10. Interatomic distances: K—Ojo = 2.78, 2.69 (3), and 2.92 (6); 

Na-Og =2.44; S-O4 = 1.41 (3) and 1.60 (Bellanca, 1943 [989]). 

Chem. K in palmierite partly replaced by Na (<2.6%), while castron- 

site has traces of isomorphous (?) Na and Ca. Part of the K in glaserite 

is replaced by Na; other isomorphous components are NH4 (<5.7%), Pb 

(!y2.3%), and Cu (<2.2%). 

Var. Na-palmierite, Na-glaserite, NH4-glaserite, Pb-glaserite, Cu- 

glaserite. 

Phys. Tabular on ((^001), perfect basal cleavage in palmierite and 

castronsite, moderate (1010) cleavage in glaserite. 

1. ULAIIBERITE OROl I’. Mon. 

S.g. a b c Z /O H 

Glauberife Na.,Ca |SOj]■. C2/, — C2/c 10,16 8,33 8,55 4 2.81 3—3,5 
fj= 112’ 10' 

Vanthoffite Na,p\g | SO4I,, a^—P2Jc 9,80 9.22 8,20 2 2,69 3.5 
= 113° 30' 

Str. Glauberite has Ca polyhedra (CN = 8, irregular square antiprisms) 

and Na with CN = 7 (octahedron with one pyramidal centered face), which are 

linked by common edges and also via SO4 tetrahedra. Interatomic distances 

Ca-08 = 2.36 (2), 2.43 (2), 2.47 (2);and 2.74 (2); Na-O^ =2.80, 2.34, 2.55, 2.49, 
2.35, 2.61, and 2.68; S— O4 = 1.47,1.49,1.46, and 1.47 (Cocco et al., 1965 [990]). 
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Vanthoffite has Mg and one-thii-d of the Na in octahedral coordination , the 

coordination of the other two-thirds of the Na being less regular (CN of 5 and 

7), The SO4 radicals are disposed in hexagonal close packing. Mean inter¬ 

atomic distances: Na-Og = 2.41; Na-Og = 2.41; Na-O^ = 2.53; Mg-Og = 

2.08; S —O4 = 1.48 (Fischer and Hellner, 1964 [991]). 

Chem. Compositions constant. 

Phys. Glaubeiate is tabular to columnar; single crystals of vanthoffite 

have not been observed. Cleavage of glauberite on (001) perfect; no cleavage 

in vanthoffite. 

DIVISION B. WITH ADDITIONAL ANIONS 

Subdivision I. Simple 

1. DOLEROPHANE GROUP. Mon., clh. — C2/m. Z = 4. 

a c p p Cl. 

Dolerophane CuCu [SO4] O 9.36 6,31 7,63 122° 18' 4.2 3,5 (lOI)perf. 

Str. Two t5^es of Cu atom (CN of 5 and 6), the first represented by a 

CuOg trigonal dipyramid, and the second by a distorted Cuf^''"^^Og octahedron. 

The additional O atoms appear in Cu polyhedra as common to two trigonal 

Cu pyramids and one trigonal Cu octahedron. Interatomic distances: 

CU-O5 = 1.87, 1.91, 2.01, and 2.14 (2); Cu-Og = 1.87 (2), 2.07 (2), and 

2.52 (2); S-O4 = 1.47 (3) and 1.51 (Fliigel-Kahler, 1963, 326]). Subchain 

structure (as in andalusite) from chains of Cu octahedra along the b axis, 

which is reflected in the columnar habit. 

2. BROCHANTITE GROUP. Orth. ^ mon., Z = i 

S.g. Cl be P p 

Antlerite (S04l(0H)4 — PciQTTi 8.23 11,98 6,05 3.9 3,75 

Brochantite CU4 |SO41 (OH)„ C2J1 — 13.08 9,85 6.02 103° 22 4.1 3.75 4 

Str. Antlerite has two types of Cu atom, both with octahedral coordina¬ 

tion. One type of Cu is surrounded by four OH nearly forming a square, 

with an OH group and an O atom perpendicular to this; the other Cu has three 

OH in a plane with one O atom, the other two O atoms lying at the vertices 

of the octahedron. Interatomic distances: Cuj —(OH)4(OH)0 = 1.97 (4), 

2.32, and 2.56; Cu2-(0H)303 = 1.91 (2), 2.03, 2.05, 2.37, and 2.41 (Finney and 

Araki, 1963 [327]). 

Brochantite has octahedral coordination for Cu: four OH groups in 

a plane [Cu-(OH)4 = 2.0] together with an O atom and another OH group 
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[Cu —0(0H) of 2.3-and 2.5]. The octahedra are linked by common edges and 

form a sublayered pattern parallel to (100) (Cocco and Mazzi, 1960 [328]). 

Chem. Compositions constant. 

Phys. Thick tabular to short columnar; perfect cleavage on (010) in 

antlerite, on (100) in brochantite. 

3. SCHUETTITE GROUP. Hex., s.g. not det., X = 3 

a c p H Cl. 

Schuetfeife Hg, [SO4I O-^ 7.07 10.05 8.4 ~3.5 None(?) 

Str. Not known. Composition and formula determined by comparison 

with the artificial compound. 

4. L.4NARKITE GROUP. Mon., cln — C2/m, Z = 4 

a b c p pH Cl. 

Lanarkite Pbj [SO4] O 13.76 5,69 7.08 115° 48' 7.0 2.5—3 (201)perf. 

Str. Not studied in full detail. Pb (CN= 3) in pyramidal coordination 

to O (as in minium) linked via SO4 and additional O atoms, the last with 

tetrahedral surroundings of Pb (Binnie, 1951 [1269]). According to more 

precise data by Sahl [1286] the interatomic distances are: Pbj—O3 = 2.30(2), 

2.55; Pbj-Og = 2.31 (2), 2.54; S-O4 = 1.45, 1.47, and 1.49 (2). 

5. SULFOH.4LITE GROUP. Cubic ^ trig. 

S.g. a c z P H 

Su 1 fohal ite Nao [S04].,C1F 0\ — Fm3m 10.10 — 4 2.51 3.5 

Galeite Na^ [SO4IF Dll 12.17 13.94 15 2,61 3.75 

Schairerite Na3 [SO4IF d\^ —P3lm 12,17 19.29 21 2.63 3.75 

Sir. Sulfohalite can be derived from NaCl by replacing 1/6 of the Cl 

by F and 4/6 of the Cl by two SO4 (Fig. 257b). Nahas CN = 6, with one F 

atom, one Cl atom, and four O atoms. Interatomic distances: Na —FO4CI = 

2.28, 2.42 (4), and 2.76; S~04 = 1.51 (Pabst, 1934). The other two minerals 

have closely similar structures (Pabst et al., 1963 [992]); see also [1388]. 

Chem. Galeite and schairerite have F isomorphously replaced by Cl 

(<3.9'7r) in galeite and 3.6% in schairerite). 

Phys. No cleavage observed. 



CLASS 11. SULPHATES 587 

Fig. 258. Structure of: a) linarite in projection on (010), b) alunite (general view). 

Siilrdivision II. Complex 

1. LINARITE GROUP. Mon., Z=’l 

a b c p pH 
Linarite PbCu [SO4] (OHja 9.81 5;65 4,70 104°42' 5-3 3 

Str. Pb has pyramidal coordination (two O and one OH), while Cu 

has four OH (nearly a square) and two O atoms (distorted octahedron, 

tetragonal dipyramid). The Cu(011)402 octahedra are linked by OH edges 

into chains along the b axis (Fig. 258a). Interatomic distances: Pb —O2OH 

2.44 (2) and 2.38; Cu-(0H)402 = 1.93 (2), 1.98 (2), and 2.53 (2); S-O4 = 

1.48 (Bachmann and Zemann, 1961 [329]). 

Chem. Composition constant; isomorphous Zn and Mg do not ex¬ 

ceed 1%. 

Phys. Columnar on b axis, perfect (100) cleavage. 

2. ALUNITE-JAROSITE GROUP. Trig., —/?3m (plumbojarosite — R3m) 

Perfect Al-Fe isomorphism has not been demonstrated for this 

group (Brophy, Scott, and Snellgrove, 1962), so there are two composi¬ 

tion subgroups. 
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Alunitp sul)group 

Osa ri za wai te PbCuAl2[S04l.{0H)e 
rh 

7.05 60°03' 
"h 

7.05 
h 

17.25 1; 3 4.1 (4.5—5) 

Alunite KAInlSOahlOH), 7.05 59N4' 7.01 17.,38 1; 3 2.8 3.75—4 5 

Natroalunite NaAl3[SO,,l.>(OIl)6 — — 

Jarosite subgroup 

6-98 16.70 3 (2.8) (4—4 5) 

Plumbojarosite Pbt>e|S04l4(011),o 11.97 35°05' 7.31 .33.76 1; 3 3.7 (4-4..5) 

Beaverite Ph(:uFe2|S04!2(OH)6 7.01 6r4y' 7.20 16.94 1; 3 4,3 (4—4.5) 

Argentojarosite Agf'e3|S04l2(OH)6 6.88 6.3’21' 7.23 16.43 1; 3 3.8 (4-5) 

N atroj aros ite NaFe3[S041.(011)6 
KFe.HS04l2(0H)6 

6.85 63°23' 7.19 16.33 1; 3 3.3 3.5—4 

Jarosite 7.35 61°38' 7.21 17.03 1; 3 3.3 3—3.75 

Ammoniojarosite (Nib) Fe3[SO4h{0H)6 7.04 61°38' 7.21 17.03 1; 3 3.1 (3—3.5) 

Carphosiderite 
(oxjarosite) 

(H3O) Fe3 (S04l2(OH)6 7 00 6039' 7.35 17.01 1; 3 3.2 (3—3.75) 

Str. The large atoms (Na, K, Ag, Pb) have CN = 12 (six O and six OH), 

while A1 and Fe(Cu) have CN = 6, four OH and two O. Figure 258b shows the 

hexagonal eell of alunite, which shows that the K atoms lie at the vertices 

of a rhombohedron. Mean interatomic distances: K —Og(OH)g = 2.82 (6), 

2.87 (6); A1-(0H)402 = 1.86 (4), 1.96 (2); S-O4 = 1.46 (Rong Wang et al., 

1965 [993]). Plumbojarosite has only half the K positions taken by Pb, but 

this has little effect on the cell parameters. The distribution of the OH 

groups produces sublayering parallel to the basal plane. 

Chem. Variable, from isomorphism. Osarizawaite has Al replaced 

by Fe (4.4%); alunite has Al replaced by Fe (<8%) and K by Na (<4.6%, 

which constitutes over 50% of K + Na). Plumbojarosite has less than 1%^ 

of such components. Beaverite has Fe replaced by Al (4%); natrojarosite 

has some K (<2.3%). Jarosite has Fe replaced by Al (<18.99[) and K by Ca 

(<6%) and Na (<1.7%); ammoniojarosite has 1.6% K. The H3O in carpho- 

siderite is partly replaced by K and Na. 

Var. Fe-osarizawaite, Fe-alunite, Na-alunite, Al-beaverite, K- 

natrojarosite, Al-jarosite, Ca-jarosite, Na-jarosite, K-ammoniojarosite. 

Phys. Isometric to thick tabular, moderate (0001) cleavage. 

3. CHLOROTHIONITE CROl I>. Orth., D*,"—Pcmrt (?).Z = 4 

a b c p 

Chloroth ioni te K2CU (SOj | Cl.> 6.12 7.71 16.15 2.67 3 

Sir. Not known, parameters determined on artificial crystals. Ori¬ 

entation of the space group not determined exactly. 

Chem. Composition constant. 

Phys. Habit and cleavage not established. 
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4. SULFATE-APATITE GROUP. Hex.,uf^ — P6,/m (?). Z=2 

Sulfate-apal ite 
(nacal cchlors ite) 

Caracol ite 
(naplumchlorsite) 

Na3Ca.2[504[,Cl 

a 

9.56 

c 
6.77 

P 
(2.93) 

H 

(4—4.5) 

NasPb., [504)301 9.81 7.14 5,0 4.5 

Str. Apatite type, with 3/5 of the Cu(Pb) positions.taken by Na 

(CN =7), which is balanced by the charge difference between [SOJ and 

[PO4]. The Ca(Pb) probably has CN = 9 (Seeliger and Berdesinski, 1956 

[994]). The parameters of caracolite are from Schneider (1965) [995]. 

DIVISION C. WITH ADDITIONAL RADICALS 

1. ITOJTE GROUP. Orth., D*]]—Pnina (?), Z = I 

a fc c p H 

Itoite Pb4 [GeOo (0H)2] [SO4I3 8.47 5.38 6.94 6.6 (3.5) 

Str. Isostructural with anglesite, [Ge02(0H)2] tetrahedra replacing 

SO4 in the ratio [SO4] :[Ge02(OH)2] = 3:1, not 2:1 (Frondel and Strunz, 1960 

[996]), since the latter does not agree with Z if integers are used in the 
formula. 

Chem. No quantitative analysis. 

Phys. Microcrystals laths to needles, cleavage not observed. 

2. CALEDONITE GROUP. Orth.^mon. 

S.g. a b c Z p H 

Caledonite PbjCuJsoJjlcO J (OH)^ Cl^—Pmn2^ 21.10 7.15 6.56 2 5.7 3—3.5 

Wherryite Pb.,Cu [soj/co J O (OH) C2/m. 20.82 5.79 9.17 4 6.4 (3—3.5) 

Str. In caledonite Pb polyhedra, SO4 tetrahedra, and CO3 triangles 

form layers parallel to ac, which are connected with each other by chains 

consisting of Cu pseudooctahedra and by additional SO4 groups (Giacovezz 

et al., 1970 [1287]). Wherryite is similar to leadhillite [1268]. 

Phys. Short columns and needle-like (for wherryite); caledonite has 

perfect (100) cleavage. 

3. BURKEITE GROUP. Orth. hex. 

Surkeite 

Hanksite 

S.g. 

Nag [504)2 CO3 Dl'—Pmnm 

KNa,, [504)9 [COala Cl Cl—PG.Jni 

a be 

5.17 27,26 21,18 

10.48 — 21,22 

Z p H 

12 2,57 3.75 

2 2,57 3,5-3.75 
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Str. Not Imown; hanksite may have a structure similar to that of 

apatite. 

DIVISION I). IIVDKATKD SULFATES WITDOlT ADDITION U. ANTONS 

Siil)ili\I. Sim|il(‘ 

1. HA.SSANITE (IROUP. Mon., not det., / ^ 6 

Bassanite 

a 5 c p H 

Ca-UlhO) (SO.,]., 6,85 11.88 12.60 ~90’ 2.7,3 — 

Sir. Not Imown. The acicular habit may imply a chain sulfate. The 

symmetry and parameters are from Gay (1965) [997]). 

2. KIESERITE GROUP. M on., 6^^ — 42/a, Z = 4 

a b c 0 
P H 

Poitevini te Cu(H20)|S04l 7.64 7.43 7.18 116'’ 09' 3.2 3,5—3,71 
Gunningite Zn(H20)[S04] 7,57 7.59 6.95 115° .56' 3.3 (3,75—4) 
K ieserite Mg(H20)[S04l 7.52 7.69 6,89 116° 06' 2.57 3.75 
Szomolnokite FefHjOlfSO.il 7,62 lAl 7,12 115°52' 3,1 3—3.5 
Szmi kite Mn (H-aO) (SO4I — — — — 3,1 (2.5-3) 
Sonderite Mg(H20).2[S04| — — — — — (3.5) 
Bonattite Cu (H.O), [SO4I 5,.59 13.03 7.37 97° 06' 2.68 (3—3,5) 

Str. Known for kieserite and bonattite. Mghas CN = 6 (four O and 

two H2O). Interatomic distances in kieserite: Mg —64(1120)2 = 2.08; S —O4 = 

1.49 (Leonhardt and Weiss, 1957 [998]). The Cu in bonattite has distorted 

octahedral coordination, three O and three H2O. The mean of the four dis¬ 

tances in a square is 1.96, the other two being 2.39 and 2.45; S-O4 = 1.47 

(Zahrobsky and Baur, 1965 [999]). 

Chem. Poitevinite has Cu replaced by Fe (18%) and Zn (3.7%); gun- 

ninghite has Zn replaced by Mn (3%), and szomolnokite has Fe replaced 
by Cu {^20%) and Mg (<10.5%). 

nokite. 
Var. Fe-poitevinite, Mn-gunningite, Cu-szomolnokite, Mg-szomol- 

Phys. Isometric; cleavage observed only for kieserite, (110) and 
(111) perfect. 

i. ZIRCONIUM .SUI.FATE CROUP. Orth., D , — Fddd, Z1 
2/1 

a b c p H 

Zr (11.20)4 (S(T|.i 25.92 11.62 5.53 2.83 3—3.5 Zi rcosul fate 

(zirtetrahysite) ) 
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Str. Not known; parameters given for the analogous artificial com 
pound (Kapustin, 1965 [1000]). 

Chem. Composition constant. 

Phys. Isometric, cleavage not observed. 

CHALCANTHITE GROUP. Tricl., C‘ — P\, Z= 2 

a b c a {i ^ H 

Cu (HaO)., [SO4I 6.12 10.69 5.96 97^35' 107° 10' 77° 33' 2,28 3 
Mg (HsOs [SO4] 6.34 10.55 6.08 99°10' 109°53' 75°00' 1.72 (3) 

Fe (HaOs [SO4] 6,26 10.59 6.05 92° 08' 110° 10' 77° 05' 2.20 2.5—3 

Str. All are isostructural; known for chalcanthite, in which Cu is 

surrounded by four H2O and two O. The fifth HgO acts as a buffer, being 

tetrahedrally linked to two H2O in a Cu octahedron and two O from differ¬ 

ent SO4 radicals. Mean interatomic distances: Cu-(1120)402 = 1.96 (4), 

2.41 (2); S —O4 - 1,48 (Bacon and Curry, 1962 [1001]). The parameters of 

siderotil are for material containing about 14% CuO (Jambor and Trail, 
1963 [1002]). 

Chem. Pentahydrite has Mg replaced by Cu (<12.4%), Zn (<5.6%), 
and Mn (<1.4%); siderotil has Fe replaced by Cu (14%). 

Var. Cu-pentahydrite, Zn-pentahydrite, Mn-pentahydrite, Cu- 
siderotiL 

5. RETGERSITE GROUP. Tetr. 

S.g. a b c Z P H 

Retgers ite - P4i2i2 6.79 — 18,28 — 4 2.07 3 
Ni {H20)6 [SO4] 

Zinc hexahydrite — C2/c 98° 30' 2,07 3 
(zinhexahysite) 

Zn (H20)e [SO4] 

^2/1 
Moorhouseite — C2/c 10.03 7.23 24.26 98° 22' 8 2.01 (2.5—3) 

(cobhexatiy site) 

Co (H.20)6 fS04] 

2h Ferrohexah ydrife — C2/c — — — — — — (2.5-3) 
(ferhexahysite) 

Fe(H.jO), (SO4] 

Hexahydrite d' ^2'l 
~C2/c 10.11 7,21 24.41 98° 30' 8 1,72 (2.5-3) 

(maghexahysite) 

Mg (HaOe [SO4] 

Nickel hexahydrite 
^2h 

— C2/c 9.84 7.17 24.0 97°30' 8 (2.00) (2.5-3) 
(nickhexahysite) 

Ni (HaOs fS04] 

Str. These minerals differ in symmetry, but the divalent elements 

have octahedral surroundings of H2O molecules, which are attached to SO4 

4. 

Chalcanthite 
Pentahydrite 

(magpentahysite) 
Sideroti I 
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by hydroxyl-hydrogen bonds. Interatomic distances: in hexahydrite 

Mg-(H20)6 = 2.06; S-O4 = 1.49 (Zalkin et al., 1964 [330]); in retgersite 

Ni-(H20)6 = 2.04; S-O4 = 1.52 (p. 43 [176]); in moorhausite Co-(H20)g ^ 

2.11; S-O4 = 1.46; 0-H...0 = 2.79 (Zalkin et al., 1962 [1003]). 

Chem. Ni in retgersite is replaced by Fe (:^3.5%) and Mg (^2.8%); 

Zn in zinc hexahydrite is replaced by Fe (<8.8%). Ferrohexahydrite almost 

free from impurities occurs in terrigenous deposits of Tataria (Vlasov and 

Kuznetsov, 1962). Ni in nickel hexahydrite is replaced by Mg (5^3.9%), Fe 

(<6.47o), and Cu (<2.1%). 

Var. Fe,Mg-retgersite, Fe-zinc hexahydrite, Fe,Mg-zinc hexahydrite, 

Ni,Mn-moorhouseite, Mg,Fe-nickel hexahydrite. 

6. EPSOMITE-MELANTERITE GROUP. Orth. mon. 

4 
Epsomite subgroup. Orth., -P2i2i2i, Z = 4 

a b c p H 

Morenosite Ni (HaO), [SO4I 11.8 12.0 6.81 1.95 2.5 
Goslarite Zn (HaO), [SO4) 11.87 12.11 6.84 1.98 2.5 
Epsomite Mg(H20), [SO4I 11.87 12.00 6.86 1.68 2.5 
Tauriscite FelHaO), ISO4I — — — (1.88) (2.5) 
Fauserite Mn (H20)7[S04| — — — (1.85) (2.5) 

Str. The R^’'’(H20)g octahedra are accompanied by buffer H2O mole¬ 

cules , each of which is linked to three H2O in octahedra and O in an SO4 

radical. Mean interatomic distances in morenosite: Ni“ (H20)g = 2.03; 

S—O4 = 1.52 (Beevers and Schwartz, 1935 [1004]); in epsomite: Mg—(H20)g = 

2.07; S-O4 = 1.47 (Baur, 1964 [331]). 

Chem. Isomorphism produces composition variations as follows: 

morenosite has Mg (<7.65%); goslarite has Cu (<6.7%), Mg (<6.9%), Fe 

(<6.4%),, and Mn (<6.5%); epsomite has Ni (<12%), Mn (<4.3%), Fe (<7.8%), 

Zn (<2.8%), and Co (<1.1%); and fauserite has Mg (s5.27c) and Zn (<5.1%). 

Var. Mg-morenosite, Cu-goslarite, Mg-goslarite, Fe-goslarite, Mn- 

goslarite, Ni-epsomite, Fe-epsomite, Mn-epsomite, Zn-epsomite, Co- 

epsomite, Zn-fauserite, Mg-fauserite. 

Meliinlerilp suhnroiip. Mon. — P2i/c, Z = '^ 

a b c P H 
Bieberite Co(llaO),lS04| 14,13 6,55 11.00 105° 05' 1,96 2,5 
Melanterite FcdUO), (SO4I 14.07 6,50 11,04 10,5° .35' 1.90 2.5 
Mallardite Mn(HoO), ISO4I — — — 104° 51' 1,85 2,5 
Booth i te Cu(tl20), I8O4I — — — 105° 36' ~2.!0 2.5 
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Str. In principle, analogous to that of the orthorhombic heptahydrates, 

except that (in melanterite, for example) there are two types of Fe(H20)g 

octahedron with somewhat different sizes, the molecules of buffer water 

being linked to only one of these. Mean interatomic distances in melanterite: 

Fei-(H20)6 = 2.12; Fejj-(H20)6 = 2.13; S-O4 = 1.47 (Baur, 1964 [332]). 

Chem. Bieberite has Mg (<3.9%); melanterite has Cu (<18.8%), Zn 

(<8.9%), Mg (<7.45%), and Mn (<1.9%); mallardite has Ca (0.7%). 

Var. Mg-bieberite, Cu-melanterite, Zn-melanterite, Mg-melanterite, 

Mn-melanterite, Cu,Mg-melanterite, Ca-mallardite. 

7. COQUIMBITE GROUP. Mon. —> trig. —> tricl. 

S.g. a b c 3 Z P H 

Lausenite Fej (H20)6 [504]^ 

Fe4 (H.O),, [SO4I4 

Mon. — — — — — — — 

Kernel ite 14.29 20.10 5.45 97° or 2 2.30 (3) 

Coquimbite Fe2 (H20)9 [S04J,') P31c 
'id 10.92 — 17.08 — 4 2.14 3 

Paracoquimbite Fez (H20)9 [S04]3 Tri g. 10.92 — 51.25 — 12 2.11 3 

Quenstedtite Fe2(H20),o[S04]3 C\—Pl 
L 6.15 23.77 

a= 94° 10' 7 

6.56 101° 45' 

= 96° 19' 

2 2 15 3 

Alunogen Al2(H20),,,[504)3 Trfcl. 
a = 89° 58' T 

— 97° 26' 
= 91° 52' 

— 1.77 2 

Str. The structure of coquimbite is subchain; chains composed of 

alternating Fe octahedra and SO4 tetrahedra range parallel to the c axis. 

The Fe segments of the chains are linked through hydrogen bonds. In the 

holes ("channels”) between the chains are placed water molecules also 

linked to the chains by hydrogen bonds. Mean interatomic distances are: 

Fej-Og = 2.01; Fe2-03 (H20)3 = 1.97 (3) and 2.01 (3); (Al; Fe)- (H20)6 = 1.89; 

S —O4 = 1.47 (Fang and Robinson, 1970 [1271]). Paracoquimbite is the rhom- 

bohedral polytype of coquimbite (Ungemach, 1935 [1125]). 

Chem. The Fe minerals contain a little Al; Al in alunogen is replaced 

by Fe3+ (< 7%), and SO4 by PO3OH (Strunz, 1957 [113]). 

Var. Al-coquimbite, Fe®'*'-alunogen, P04-alunogen. 

8. MIRABILITE GROUP. Mon., — Pi^/c, Z=4 

a b c p p H 

Mirobilite Na2(H20)io(S04l 1 1.48 10.35 12.82 I07°40' 1.49 1.5—2 

Str. The Na(H20)g octahedra are linked into zigzag chains, which 

are connected to SO4 and two buffer H2O by hydroxyl-hydrogen bonds (Cocco, 

1962 [1272]). 
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Siilxlivision II. Complex 

1. SYNUENITE UHOUP. Mon., — P2Jm, Z = 2 

a h c ^ P Pi Cl. 

Syngenite KjCa {H..O) (SOj la 9.72 7,16 6,21 104°05' 2,60 3 Perl, in 3 dir. 

Koktaite (NH4)2Ca (llaO) [SO4I,, 10.17 7.15 6.34 102'’45' 2.09 (2.5) None 

Sir. Irregular KOg, KOg, and CaOg polyhedra. The K polyhedra are 

joined by faces, edges, and vertices into layers parallel to (100), which 

are connected by Ca polyhedra and SO4 tetrahedra. Interatomic distances 

K-Og = 2.69-2.98; Ca-Og = 2.40-2.74; S-O4 = 1.47 (Corazza and Sabelli, 

1966 [1005]; Gorogotskaya, 1966 [1006]). 

2. LEIGHTONITE GROUP. Orth. -» tricl. -^mon. 

S.g. a h c i Z p H 

Leightonite K2Ca.,Cu (HaO)., [SO414 0^^ — Frnmm 11.67 16.52 7.49 — 4 2.95 3.5 

Poiyhalite KaCa-aMg (HjOla ISO414 c‘— PT 6 96 6.74 8.96 101°5' 1 2.78 3.75 

= 104°05' 7 = 113°09' 
Gorgeyite K-.Ca, (lUO) |S04|« - C2/f 17.51 6.82 18.21 113° 16 4 2.91 3.75 

Str. The structure of polyhalite consists of octahedrally coordinated 

Mg, 8-coordinated Ca, and 11-coordinated K, which are linked by sulphate 

groups and hydroxyl-hydrogen bonds [1273]. Triclinic polyhalite (Braitsch, 

1961 [1007]) differs structurally from orthorhombic leightonite (Van Loan, 

1962 [1008]), in spite of its analogous formula. Gorgeyite has precisely the 

structure of the synthetic compound (Smith et al., 1964 [1009]). 

Chem. Compositions constant. 

Pliys. The first two are nearly isometric; leightonite has no cleav¬ 

age, while polyhalite has perfect (101) cleavage. 

Ferrinatrite 
Lowelte 

3. EERRINATKITE GROUP. Trig., C.^. _ pj, z = 6; 3 

a c p H 

Na.,Fc(ll20),,(S04l., 15.57 8.67 2,55 3 

Nai2Mg7(H20).5ls04|j3 lS-9'i 13.47 2.37 3-3.5 
11.77 n -. 10(i°,30' 

Cl 

(1010) perf. 
None 

Sir. The structure of Ibweite is subframework. The Mg octahedra- 

and SO4 tetrahedra are linked at the corners. The Na atoms are in seven¬ 

fold coordination. The interatomic distances are: Naj—Og(H20) = 2.35- 

2.87 (dm = 2.52); Na2-Oe (H2O) = 2.31-2.62 (dm = 2.47); Mg-04(H20)2 = 

2.05 (4) and 2.11 (2); Mg—Og = 2.09; 8—04 = 1.47 (Fang and Robinson, 1970 

(1274]). Parameters and space group of ferrinatrite from Cesbron (1964) 
[1010]. 
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Chem. Na in loweite replaced by K (<2.9%) (K-loweite). 

4. LECONTITE GROUP. Orth., d" — Z = A 

a h c p H 
Leconfite NH4Na (HaO)^ [SO*] 8.22 12.85 6.23 1.74 2.5—3 

Str. Na (CN-6) andNH4 (CN = 7) are linked to SO4 radicals; the 

Na(0, H20)g octahedra are linked by their ends into chains along the c 

axis. These are coupled to NH4 and'S04 by hydrogen bonds of H2O mole¬ 

cules. Interatomic distances: Na-04(H20)2 = 2.40 (4); 2.43 (2); NH4-O7 = 

2.94 (5); 3.30 (2); S—O4 = 1.49 (Corazza et al., 1967 [1011]). 

Chem. NH4 replaced by K (=72.8%) (K-lecontite). 

5. ASTRAKH4NITE GROUP. Mon. 

S,g. a b c .3 Z P H 

Astrakhanite Na.2.Mg(H20)4[S04h c\. 
2 1 — ^2-y/a 11,03 8,14 5.49 0

 
0

 0 4^
 

0
 

2 2,27 3-3.5 

Leonite K2Mg(H20)4 [504)2 Cl; — C2/m 11.78 9,53 9,88 95° 04' 4 2,20 3—3.5 

Goldichite KFe(H20)4 [504)2 &■ — P2Jc 10.45 10 53 9,15 101°49' 4 2,42 3 

Str. Knownfor astrakhanite (Rumanovaand Malitskaya, 1959 [1012]) and 

leonite (Schneider, 1961 [1013]); in the first Mg and Na have CN = 6, com¬ 

posed of H2O and O, while in the second Mg has the same CN, and K has 

CN = 9. Interatomic distances in astrakhanite: Mg—(1120)402 =2.04; Na— 

(H20)204 = 2.55 (2) and 2.35 (4); S-O4 = 1.46. 

Chem. Compositions constant. 

6. VOLTAITE GROUP. Cubic, 0® — 7d3c, Z 16 

a /3 H Cl. 

Voltaite K2Fe5Fe^'''(HjOjis [S04]i2 27.38 2,7 3,5 None 

Str. Not known. 

Chem. Variable; K replaced by Na (<1.6%), Fe^"^ by Mg (<7.35%), 

and Fe®"^ by Al (-6.1%). 

7. PICROMERITE GROUP. Mon. — P2/a, Z = 2 

a b c P P H 

Cyanochroite K2CU (HaOlg [804)2 — — — 104° 28' 2,22 (3) 
Picromerite K2Mg {HoO)^ [S0i)2 9,0b 12.26 6.11 104° 48' 2,03 3 

Boussingaultite (NH4)2 Mg(H20)RS0j2 9,32 12 60 6.21 107° 14' 1.72 2,5 

Mohrite (NH4)2Fe(H20)„ [804)2 9.29 12 61 6.24 106° 53' 1,87 (2.5) 

Str. Known for picromerite and boussingaultite. Mg (CN = 6) is sur¬ 

rounded by H2O, while NH4(K) has 6 + 1 coordination, the 1 representing 
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HgO and the 6 representing five O + H2O. All the polyhedra are linked by 

hydroxyl-hydrogen bonds. Mean interatomic distances in boussingaultite: 

Mg-(H20)6 = 2.07; NH4-05(H20)2 = 2.84-3.27; S-O4 = 1.49 (Margulis and 

Templeton, 1962 [335]); in picromerite Mg —(H2O)0 = 2.10; K —05(1120)2 = 

2.94 (6), 3.19; S —O4 = 1.48 (Kannan and Viswamitra, 1965 [1014]). 

8. TAMARUGITE GROUP. Mon., C'*—P2/a, Z = 4 

a h c 3 P H 

Tamarugite NaAl (HjOI^SOjIs 7.35 25.22 6.10 94° 50' 2.07 3.5 
Amarillite NaFe (HaOls [SO412 — — — 95° 37' 2.19 3—3.5 

Str. The structure of tamarugite is subchain, in which NaOg octa- 

hedra and SO4 tetrahedra form infinite chains parallel to the c axis. The 

A1 atoms have sixfold coordination of H2O and are joined with Na octahe- 

dra and S tetrahedra by hydroxyl—hydrogen bonds. The interatomic dis¬ 

tances are; Na—Og = 2.26-2.51 (dni = 2.42); Al —(H20)g = 1.85-1.92 (dj^^ = 

1.88); 84^2-04 = 1.47-1.52 (dm = 1.48-1.49) (Robinson and Fang, 1970 [1275]). 

Phys. Tamarugite has perfect (010) cleavage. 

9. ROMERITE GROUP. Mon. tricl. 

S.g. a b c P Z p H 

Ransomite CuFej^ kH^OlJsO C'/,—P2/c 4.81 16.22 10.43 93°0T 2 2.63 3.5 

Romerite FeFe^"'’(H20),4 [SO4I4 C]—PI 6.46 15.31 6.34 lOPOS' 1 2.17 3—3.5 

^ = 90*32' T = 85° 44' 

Str. In ransomite the Fe and Cu atoms are linked by SO4 tetrahedra 

in layers parallel to (010), which are joined by hydroxyl—hydrogen bonds 

(O—H-O = 2.63-2.91). The interatomic distances are: Cu-(0, OH)g = 

1.96 (2), 2.01 (2), and 2.44 (2); Fe-(0, OH)g = 1.95-2.02 (dm = 1.98); Sii-04 = 

1.41-1.51 (dm = 1.47); Si2-04 = 1.45-1.49 (dm = 1-48) (Wood, 1970 [1276]). 

The structure of roemerite consists of two types of isolated groups; 

Fe(H20)g and Fe (1120)4(804)2. These groups are weakly connected to each 

other by hydroxyl-hydrogen bonds. The interatomic distances are: 

Fe-(H2O)g = 2.08-2.14; Fe-02 (H20)4= 1.94(2) and 2.03(4); S-O4 = 1.47 
(Fanfani et al., 1970 [1277]). 

Chem. Composition varies; Fe^'^’in ransomite replaced by Al (sl.5%); 
Fe^ in romerite replaced by Zn (-3.1%) and Fe^"^ by Al (-2.6%). 

Var. Al-ransomite, Zn-rbmerite, Al-rbmerite. 

Phys. Ransomite has perfect (010) cleavage. 
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10. MENDOZITE GROUP. Mon. C2/c, Z = 4 

a b c ^ P 

Mendozite NaAl (H2O),, (SO4I2 21.75 9.11 8.30 92°28' 1.78 
Kalinite KAl (HaOju (S04]2 — — — — ~1,8 

Str. Not known. Occurs as fibrous aggregates. 

H 

-3 
(2.5—3) 

11. ALUM GROUP. Cubic., 7“ — Pa3, Z 4. 

a P H Cl 

Sodalumite 

(na Ihy site) 
NaAl (H20)i2 fS04]2 12,21 1.67 2.5—3 None 

Alum 
(kalhy site) 

KAl (H20)i2fS04]2 12.15 1.75 2—2,5 None 

T schermigite 

(ama 1 hy site) 
NH4AI (H20)l2fS04]2 12.23 1 64 2 None 

Str. Na(K) and A1 have octahedral coordination to H2O (Fig. 259), 

and the water is linked via hydroxyl-hydrogen bonds to SO4 in a symmetri¬ 

cal structure. Interatomic distances: in sodalumite Na—(H20)g = 2,45; 

Al —(H20)g = 1.88; S —O4 = 1.48 (Cromer, et al., 1967 [1015]); in alum 

Fig. 259. Structure of potash alum in spheres and polyhedra. 
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K-(H20)g = 2.98; Al-(H20)g - 1.91; S-O4 = 1.46; in tschermigite NH4- 

(H20)g = 3.05, Al-(H20)g = 1.92; S-O4 = 1.45 (Larson and Cromer, 1967 

[1016]). 

Cliem. Composition variations not fully known; K in alum replaced 

by Na (1.4%) and NH4 (2.4%). 

12. HALOTRICHITE GROUP. Mon., C‘ — P2, Z = 4 

a be S pH 

Halotrichite 20.8—20.5 24.2—24.3 6.18 96'" 34'— lOO"" 06'1.84—1.95 1.5—2 
(Mg, Fe) AN (H20)22 [SO4I4 

Dietrichite — — — — (1.9) 1.5—2 
ZnAl2(Hp),JS0j, 

Apjohnite — — — — 1.78 1.5—2 
Mn Al.AH20)22[.S04l4 

Bilinite — — — — 1.88 1.5 2 

FeFe] + (H20)22fS04l4 

Sir. Not known. 

Chem. Halotrichite has perfect Mg —Fe^"^ isomorphism, subspecies 

magnesiohalotrichite and ferrohalotrichite; there are also the following 

isomorphous components: Zn (<3.7%), Mn (<2.6%), Co (<1%), Cr (<7.5%), 

Fe3+ (<4%). 

Var. Zn-ferrohalotrichite, Mn-magnesiohalotrichite, Mn,Co-ferro- 

halotrichite, Cr-ferrohalotrichite, Fe^'*'-halotrichite, Mn-dietrichite, Fe- 

dietrichite. 

Phys. Columnar to acicular and fibrous; imperfect (010) cleavage. 

DIVISION E. HYDRATED SULFATES V ITH ADDITIONAL ANIONS 

SuIxHvision 1. Siiiiplr 

1. LANGITE GROUP. Orth. ^ mon. 

S.g. a b c P Z p H 
Langite CU4 (U.,0) [SO4) {OH)„ — Pmrna 6.02 11.2 7.12 — 2 3.5 3—3.5 

Ktenasite Cii, (HjOlj (SO41 (011)4 Cj^, — P2,/c 1116 6,11 23,74 95°24' 8 2,97 2.5- 3 

Poznyakite Cu/Hp)[soJ (OH),(?) Mon. 9.80 6.32 7.85 107= 2 3.3 2.5—3 

Sir. Not Imown; the unit cell of langite is from Pierrot and Sainfield 

(1958) [1017], while that of poznyakite is from Komkov and Nefedov (1967) 
[1018]. 

Chem. Cu in ktenasite replaced by Zn nearly up to Cu:Zn = 1:1. 

Phys. Perfect cleavage of langite on (010) and (001), of poznyakite 
on (010) and (101). 
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Butlerite 

Parabutl erite 

Amarantite 

Hohm ann i te 

Fibroferrite 

Slovikite 

2. BUTLERITE GROUP. Mon. orth. tricL ^ nion. —^trig. 

S.g. a b c P Z P H 

Fe (HaOk fS04| OH cl^ - 6.44 7.31 5.87 108° 28' 2 2.55 3 

Fe (H.:0)2 [S04] OH — Pmnh 
2/1 

7.38 20.13 7.22 — 8 2.55 3 

i'e (HaOg [SO4) OH C] — Pi 8.90 1 1.56 6-64 90° 31' 4 2.29 3 
t 

a = 9,5 ° 33' 7 = 97° 25' 

Fe. aCHaO), dS04 k (OH) 2 c] — Pi 9.05 10.88 7.17 91° 10' 2 2.28 3 

ot = 90' HO' -t 101°13' 
Fe (HoO), [SO4J OH Mon, 7.45 12.10 7.65. 110°07 4 1.97 2.5— 
Fe (H2O), |S04i OH Trig. 12.22 — 34.86 — 32 1.90 (2.5) 

Str. Not known; cell parameters from Cesbron (1964) [1010]). For 

slavikite another formula MgFe^ (H20)i8 [804)4(011)3 ^.n orthorhombic 

system are also proposed [1145]. The structure of amarantite was deter¬ 

mined by Siisse [1146]. 

3. FELSOBANYITE GROLIP. Orth.—>hex.—>mon. ( ? ) 

S.g. a 6 c p Z P H 

Fel sobany ite AI4 (H20)5 [SO4] (OH)in Not det. — _ — _ — 2,33 (2,5—3) 
Hexafelsobanyite Al4(H,0)5[S04](OH)io Not det. 22,56 -- 18.72 — 24 2.12 (2,5—3) 
Alumi n ite A1,(H20)7 (S04i(OH)4 Not det. — _ _ _ — 1.82 (2—2.5> 
Metaalumi n i te AU(Hp)5 [soJ(OH)^ Not det — — — — — 1.85 (2.5) 

Str. Not known. Chemical compositions need to be checked. 

4. MINASRAGRITE GROUP. Mon. 

a b e p P H 

Minasragrite (H20)i, [S04]3 (0H)2 - _ _ 110° 57' —■ — 

Str. Not known; properties not studied. 

Subdivision II. Coin])]cx 

1. FLEISCHERITE GROUP. — P&.Jmmc, Z = 2 

a c P H Cl 

Fleischerite Pb3Ge'' + (Hp)3[S04J2(0H), 8.89 10,86 4,6 (3) None 

Schaurteite Ca3Ge‘' + (H30)3[S0j3(0H), 8.52 10.80 2.65 (3.5) None 

Despujolsite Ca3Mn‘'+CHp)3[S04]3(0H)6 8. .56 10.76 2.25 3 None 

Str. Not Imown. Needles up to 2 mm in size (Frondel and Strunz, 

1960 [996]; Strunz and Tennyson, 1967 [1019]). 
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2. SIDERONATRITE GROUP. Orth., p/" — Pbnni. Z = 4 i'l 

a b c p H 

Sideronatrite NajFe (H-zO)., (SO412 OH 7.27 20,50 7.15 2,28 2.5—3 
Metasideronafrite Na4Fe2 (H-iO);, (SO414 (011)2 — —• — 2.46 3 

Sir. Not loiown; parameters of sideronatrite from Cesbron (1964) 

[1010]. Habit laths to acicular. 

3. METAVOLTINE GHOLP. Hex.—^trig.—>mon. 

Meta VO Itine 

Ungemachite 

Cl i noungemach i te 

Humberstonite 

KsFCa (H20)8 [SO4J4 (0H)2 
KgNaeFe (H20)9 (SO4I6 COH)3 

K3Na9Fe{H20)9(S04]6 (OH)3 

KjNa^Mg^CH.OlJsoJjNOj, 

S.g- a b c Z p ^ 

'-6/1 ~ '^-47 — 18.64 8 2.40 3 

— 10.86 — 24.87 3 2.29 3 
Not det. — — _ _ (2,3) (3) 

(5= 110’ 40' 

Cjj—K3 10.90 — 24.41 3 2.25 (.3.5) 

a^h = 10°29' 64’00'' 

Str. Not known. 

Chem. K in metavoltine replaced by Na (<8.9%) and Fe^''’by Fe^”^ 

(<2.9%) (?). Humberstonite has constant composition [1389]. 

Phys. Ungemachite and humberstonite have perfect (0001) cleavage. 

4. K.AINITE GROUP. Mon. .^orth. 

S.g. a 

Uklonskovite C’L - P2,/m 7.20 
(namogdihyohsite) 
NaMg(H20)2[S04|0H 

Kain ite C'L - C2/m 19.76 

KMg (H20),2 (804] Cl 
Totarski te Not det. — 

Ca3Mg(H20)., (804l(C0., 1 (0H)2 c 1.3 

b c Z P H 

7.19 5.72 113° 55' 2 2.50 (3,5) 

16.26 9.57 94’ 56- 16 2,24 3—3.5 

_ _ _ __ 2.34 3 

Str. Known for uklonskovite. Na has CN = 8, while Mghas CN 6 (sur¬ 
roundings O, OH, and HgO). The Na polyhedra are linked via SO4 groups 

into sublayers, while the Mg octahedra are linked by vertices into chains 

(Borisov, 1964 [1021]). Interatomic distances: Na-050H(H20)2 = 2.62 (2), 

3.06 (2), 2.33, 2.29, 2.36 (2); Mg-02(0H)2(H20)2 = 2.13 (2), 1.94 (2), 2.13 (2); 
S-O4 = 1.43, 1.48 (3). 

5. ETTRINGITE GROUP. Hex. — mon. ( ?) 

S.g. a b c Z p H 

Etfringite Ca„AIj (H20).z4 [SO413 (OH)i2• 2H..0 — PQ-t/mmc 11.26 — 21.49 2 1.75 2.5—3 

Jourovskite (H20)24 [SO4I.2 [CO.t|., (OH),2 — P6;,/m (?) 11.06 — 

Kasparite MgAp (H20)2« (804)5 OH Mon. (?) — _ 

10.50 1 1.95 3 

— — 1.78 (3) 
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Str. Ettringite has corrugated layers of Ca and A1 octahedra linked 

by SO4 and two buffer H2O. Interatomic distances: Ca—(011)3(1120)3 = 

2.38-2.44; Al-(0H)3(H20)3 = 1.90-1.94; H-O = 2.70-2.74 (Bezjak and Je- 

lenic, 1966 [1022]). If the Si04 in thauniasite is replaced by Mn04 and AIO4, 

all the formulas become analogous: thaumasite H4Cag(H20)2g[(Si04)2(S04)2 

(003)2], jouravskite H4Cag(H20)28[(Mn04)2(S04)2(C03)2], and ettringite 

H4Cag(H20)3o[(A104)2(S04)3] (Gaudefroy and Permingeat, 1965 [1023]). It is 

^ery probable that Si in thaumasite has sixfold coordination (O and OH). 

Cheni. Ettringite has SO4 replaced by Si04 and (to a smaller extent) 

by BO3 and CO3. The cortiposition of jouravskite is not fully known. The 

Mg in kasparite is replaced by Co (< 1.5%). 

Phys. Isometric and thick tabular, perfect (1010) cleavage. Kas¬ 

parite has not been studied. 

6. COPIAPITE GROUP. Mon. triol. 

S.g. a h c Z p H 

Zincobotryogen 

ZnFefH20)7[SOj20H 
Cl, - 10.49 

P = 

17.82 7.19 
100°50' 

4 2.20 3 

Botryogen 

MgFe(H20)7[S04]20H 
Cj/, P2j/n 10,47 

P = 

0
 

CO b
 

0
 

4 2.14 3 

Gui Idite 

CuFe(H20)JS0j20H 
Clh — P2./m 9.79 7.13 7.26 

105=47' 

2 2,72 3 

Zincocopiapite C] — P\ 7.35 18.16 7,28 1 2,18 (3.5) 

ZnFe3+(H20)2o[SOHe(OH)s a = = 93°50' p = 101°30' 7 = 99=22' 

Cuprocopiapite 

CuFe4(H20)2o[SOJ«(OH)2 

c[ — PI — — — — (2.22) (3—3.5) 

Copiapite C] — P\ 7.34 18.19 7.28 1 2,08— 3—3.5 

(Mg, Fp)Fe4(H20)2o[S04ldOH)2 a~ 93T50' P = 101=30' 7= :99^23' 2.17 

Calcocopiapite 

CaFe4(H20)2ofSOJG(OH)2 
Not det. — — — — (2.1) (3) 

Str. In magnesiocopiapite the Fe^^ octahedra and SO4 tetrahedra are 

connected to form chains along (101), while Mg octahedra lie isolated be¬ 

tween the chains and are joined to them by hydroxyl-hydrogen bonds. The 

interatomic distances are: Mg—(O, H20)g = 2.08; Fej—(O, OH, H20)g = 1.92- 

2.05 (dm = 2.01); Fe2-(0, OH, H20)g = 1.98-2.06 (dm = 2.02); S-O4 = 1.48 

(Susse, 1970 [1278]). 

Chem. Perfect Mg-Fe isomorphism in copiapite gives the sub¬ 

species magnesiocopiapite and ferrocopiapite. Other isomorphous com¬ 

ponents are Al (<4.65%), Zn (<2.5%), and Cu (<1%). Little is known about 

cuprocopiapite and calcocopiapite. Some specimens of ferrocopiapite have 

Fe^"^ completely oxidized to Fe^^ so we may speak of ferricopiapite as an 

independent species. 

Var. Al-copiapite, Zn-copiapite, Fe^'^-copiapite. 
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Siil)class 2. Riiiji 

1. LEONH.XRDTITE GROUI ’. Mon., • • ■ ^2/1 — P2^/n, Z = 4 

a b c P H 
Aplo wife 

(cobtetrahy site) 
Co(H.M)4(S04] 5.94 13.66 7.90 90°30' 2.36 (3) 

Rozenite 
(ferrotetrahy site) 

Fe(II.M)4fS04J 5 97 13.64 7.98 90^26' 2.28 (3) 

llesite 

(mantetrohy si te) 
Mn(U20),[S04| 5,94 13.76 8.01 90M7' 2.26 (3) 

Leonhardtite 

(mogtetrohy site) 
MgCHaOl.lSO,,! 5.92 13 60 7.90 90.51' 2,01 (3—3,5) 

Fig. 260. Structure of leonhardtite, with 

Mg2(H20)3[S04]2 rings connected by hy¬ 

droxyl-hydrogen bonds. 

Sir. Known for leonhardtite and 

rozenite (Baur, 1962 [337] and 1964 

[338]). Mg{Fe) has surroundings of 

four H2O and two O. Two Mg (Fe) oc- 

tahedra are linked via oxygen vertices 

to two SO4 tetrahedra in a centered 

ring (Fig. 260), the rings being con¬ 

nected by hydroxyl-hydrogen bonds. 

Mean interatomic distances in leon¬ 

hardtite Mg-02 (H20)4 = 2.08; S-O4 = 

1.47; in rozenite Fe-02 (H20)4 = 2.12; 

S-O4 = 1.49. 

Var. Mn,Ni-aplowite, Zn-ilesite, Fe-ilesite. 

Subclass .3. Cha in 

1. ZIPPEITE GROUP. Ortl..—mon. (Ch-C2/m) 

Zippeife 17,34 

(U02)2(S04](0H)2 ■ 4H20d!, 
Cl inozippei te 8.81 

(U02),|S0j2(0H).,. 8H2O4, 
Uranopilite — 

(U02)„|S04l(OH),o • 12H,Ocl, 
Metouranopi 11 te — 

(U0UJS04|(01]),„ • SHjOd, 

Sir. Not Icnown. The acicular to fibi'ous habit is very character¬ 

istic, so a chain structure is very probable, as has been demonstrated 

for U[S04](011)2 (Lundgren, 1952 [1024]). Clinozippeite has been dis¬ 

tinguished on the basis of chemical analysis (Frondel, 1958 [1025]) and 

corresponds to an artificial compound of analogous composition (Traill, 

1952 [1026]). The parameters of zippeite are related to those of clinozip- 

b c Z P H 
7.14 4.43 — 2 (3.9) (3-3.5) 

14.13 8.85 114°15' 2 3.7 (3) 

- 8.91 — -■ 4.0 (2.5-3) 

— - — — — (3) 
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peite as follows: = V2^kz’ “ V2Ckz (Strunz, 1957 [113]). The 

parameter c = 8.91 (Traill, 1952 [1026]; Strunz, 1957 [113]) has been deter¬ 

mined for uranopilite; this is parallel to the fiber axis and allows us to con¬ 

sider it (or rather the c of zippeite) as the characteristic parameter. The 

chemical compositions would allow uranopilite and metauranopilite to be 

assigned to the hydroxides. 

Chem. Data inadequate; appreciable amounts of Ca, Cu, and Fe^'*' 

revealed by analysis probably represent mechanical impurities of other 

hypergene minerals (e.g., gypsum and goethite). 

Phys. Zippeite and uranopilite are elongated on the c axis and slightly 

flattened on the b axis; perfect (010) cleavage. 

2. KRAUSITE GROUP. Mon., C|, — P2i/m. Z = 2 

a b c |j PH 

Krausite K[FeCH.O)[SOjk] do 7.91 5.15 8,99 102^45' 2.84 3 

Str. Fe octahedra and SO4 tetrahedra are firmly linked in chains of 

composition [Fe2(H20)2(S04)4]2“, which run along the b axis and which are 

cross linked via K atoms. Fe^'^'has octahedral coordination, while K has 

CN-10. Mean interatomic distances: K —O40 = 2.92; Fe —©5(1120) = 1.99; 

S —O4 = 1.47 (Graeber et al., 1965 [341]). 

Chem. Compositions constant. 

Phys. Short columns, perfect cleavage on (100) and (001). 

Krohnkite 

3. KROHNKITE GROUP. Mon., — P2Jc, Z = 2 

a b c 

Na,{Cu(Ho0)2[S04l2]ci 5,79 12.60 5.49 

P P H 
108^30' 2,95 3—3,5 

Fig. 261. Structure of krohnkite in projection on (100), 

with heterogeneous chains parallel to the c axis. 
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Str. Isostructural with brandtite Ca2 {Mn(H20)2[As04]}2. Cu is sur¬ 
rounded by two H2O and four O, being linked via common O with SO4 tetra- 

hedra into chains along the c axis (Fig. 261). Each Na has six O and one 

H2O; the Na atoms cross-link the chains. Interatomic distances: Na— 

O6H2O =2.46 (6), 2.31; Cu-04(H20)2 = 2.20 (4), 1.92 (2); S-O4 = 1.48 (Dahl- 
man, 1952 [296]; Rao, 1961 [339]). 

Phys. Isometric to acicular, perfect (010) cleavage. 

4. MERCALLITE GROUP. Orth. mon. 

S.g. a b c pi Z yO H 
Mercallite K]H(S04l)g, O'^l — Pbca 9.79 18.93 8.40 — 16 2.31 — 

'^isenite Kj]HglSOjI7] Mon. _ _ _ 102°,J,5' — 2.32 — 

Str. Known for mercallite. The chain pattern is produced by hy¬ 

drogen bonds between SO4 tetrahedra: ...S04-H-S04...(dO-H...O = 2.67), 

these chains running along the c axis and being cross-linked by K (CN = 9). 

Mean interatomic distances: K-Og = 2.85; S-O4 = 1.52 (Loopstra and 

MacGillarpy, 1958 [340]); S-O(OH) = 1.56 (Cruickshank, 1964 [1123]). 

Phys. Laths to needles, sometimes tabular, elongated on a axis 
and flattened on c. Perfect (010) cleavage in misenite only. 

Subclass 4. Layer 

1. JOH.4NNITE GROUP. Tricl., C] — PJ, Z = 4 

a b c p H 

Johannite Cu[(U02)2[S04l3(0H)3| ■ 16.54 6.84 18.02 3.3 2—3 

a = 90°54' -i = 110°37' 7 = 90°.38' 

Str. Not known, but evidently a general structure close to that of 
the torbernite-autunite uranium micas. 

Phys. Laths (on c axis), thick tablets (on a axis), perfect (100) 
cleavage. 

2. RHOMHOCL.ASE GROUP. Orth. mon 

Rhomboclose 

Letovicite 

Sg h c ? Z p H 
llFc^l-[SO,,|., . 411.20^1, D\%~Pnma(?) 21.75 9.11 8.30 92 ° 28' 4 2.23 2 

(NlljjjHISOjI.,,^ — — — 102° 06' — 1.83 — 

Str. Not known; assigned from morphology and properties. 

Phys. Tabular and platy on c axis, perfect (001) cleavage, also 
(110) moderate in rhomboclase. 
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3. NATROCHALCITE GROUP. Mon. 

S.g. a b c Z P H 

Natrochal cite 
^2li ^ — C2//n 8.76 6.16 6,54 2 3,5 (2,5—3) 

(nacuprihy si te) 
P = 118"43' 

Na(Cu.,(Ho0)[S04l20H)<fe 

Devi 11 ine — P2/a 22,38 6,09 20.88 8 3.1 3 

Ca{Cu4(Ho0)3[S04]o(0H)5]cS, P = 102°30' 

Serpi eri te 

(parade vi 1 line) 22.19 6.25 21.85 8 (.3.1) (3) 

Ca{Cu4(H.20)3[S04M0H)e)^ C\h: — C2/c 113°22' 

Fig. 262. Structure of natrochalcite in 

projection on (010), with layers of Cu oc- 

tahedra and SO4 tetrahedra parallel to this. 

Str. Known for natrochalcite. 

Cu has an octahedron of four O, one 

OH, and one H2O, the octahedra being 

linked by common (O, OH) edges into 

columns along the b axis, which are 

connected via SO4 groups into layers 

perpendicular to the c axis (Fig. 26 2), 

Between layers at centers of symmetry 

lie Na atoms surrounded by eight O 

atoms. Interatomic distances: Na — 

Og = 2.59; CU-O4 (OHlHjO = 2.30 (2), 

2.02 (2), 1.94 (2). The OH-HgO dis¬ 

tance (shown by arrows in Fig. 262) is 

2.42, which points to a hydrogen bond 

(Rumanova and Volodina, 1958 [343]). 

Chem. Natrochalcite and devilline are of constant composition; Cu 

is serpierite is replaced by Zn (<15.5%). 

Var. Zn-serpierite. 

Phys. Natrochalcite is columnar (dipyramidal), the reverse of the 

distribution of the strongest bonds. The hardness quoted 4.5 (Palache et 
al., [154]) is clearly exaggerated; it should not exceed 3. Perfect (001) cleav¬ 

age. Devilline and serpierite form plates and laths flattened on c. The density 

of 2.52 given for serpierite in works of reference is erroneous. 

4. GYPSUM GROUP. Mon., C®,, — A'lja, Z = 4 

a b c p H 

Gypsum Ca(H20).2[S04|,l: 5,68 15.18 5.29 113°50' 2.32 1,5—2.5 

Str. Isostructural with brushite, pharmacolite, and churchite. Layer 

pattern produced by distribution of water molecules (coordinated to Ca), 

between which are relatively weak (d = 2.78) hydroxyl-hydrogen bonds 

(Fig. 263). The Ca scalenohedra are linked within a layer via edges along 
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Fig. 263. Structure of gypsum in projection on fOOl), layers shown by broken lines. 

the c axis and via SO4 tetrahedra along the a axis. Interatomic distances: 

Ca-0g(H20)2 = 2.59 (2), 2.38 (2), 2.57 (2), 2.44 (2); S-O4 = 1.49 (Wooster, 
1936 [342]). 

Phys. Tabular and platy on b axis, highly perfect (010) cleavage. 

Inadequately Characterized and Doubtful 

Anhydrokainite KMg[S04]Cl (?) 

Aromite MggAl2[S04]9 • 54H2O (?) 

Dumreicherite Mg4Al2[S04]7 • 36H2O (?) 

Euchlorine, sulfate of K, Na, and Cu (?) 

Honessite, hydrated sulfate of Ni and Fe 

Hydrobasaluminite Al4[SO4]3(OH)40 • 36H2O (?) 

Hydroglauberite Naj()Ca3[S04]8 • 6H2O 

Matteuccite NaH[S04] • H2O 

Metaalunogen Al2!80413 • I3.5H2O (?) 

Metahohmannite Fe2[S04]3(OH)2 • 3H2O (?) 
Monsmedite K2O • TI2O3 • 8SO3 • I5H2O 

Phillipite CuFel"*^!80414 ’ 12H2O (?) 

Planoferrite Fe2[S04J(OH)2 • I3H2O (?) 

Rubrite MgFe^2'^[80414 • I8H2O 

8onomaite Mg3Al2[S04]e ’ 33H20 (?) 

Udokanite Cu8[804]3(0H) 10 • H2O (?) 
Winebergite Al4(H2O)7[8O4](OH)i0 (?) 
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Subdivision II. Complex 

1. Parisite CaCe2[C03]3F2 group 

2. Aurichalcite Zn3Cu2[C03]2(OH)g group 

3. Northupite NagMg[003)201 group 

Division 0. Hydrated without Additional Anions 

Subdivision I. Simple 

1. Tengerite Y2(H20)3[C03]3 group 

2. Lansfordite Mg(H20)5 [CO3I group 

3. Monohydrocalcite Ca(H20)[C03] group 

4. Thermonatrite Na2(H20) [CO3 ] group 

Subdivision IL Complex 

1. Lanthanite LaCe(H20)8 [CO3 Jg group 

2. Andersonite Na2Ca(U02)(H20)g[003)3 gi'OLiP 

3. Pirssonite Na2Ca(H20)2[C03)2 group 

Division D. Hydrated with Additional Anions or Radicals 

Subdivision 1. Simple 

1. Zaratite Ni3(H20)4[C03)(0H)4 group 

2. Artinite Mg2(H20)3[C03l(0H)2 group 

Subdivision II. Complex 

1. Ancylite (Sr, Ca)2LaCe(H20)2[C03)4(OH)2 group 

2. Callaghanite Mg2Cu2(H20)2[C03)(0H)g group 

Subclass 2. Chain 

1. Alumohydrocalcite CaAl2(H20)3[CO3)2(OH)4^ group 

2. Dawsonite NaAl[C03)(OH)2io group 
3. Nahcolite Na[HC03)io group 

Subclass 3. Layer 

Division A. Anhydrous 

1. Rutherfordite U02[C03)^ group 

2. Bismutite Bi2[C03l02^ group 

3. Hydrocerussite Pb3[CO3)2(OH)2i group 

4. Phosgenite Pb2[C03)Cl2L group 

Division B. Hydrated 

1. Liebigite Ca2{U02[C03)3} • 10H2O^ group 

2. Schrockingerite NaCa3{U02[S04)[C03)3}F • 10H20^ group 
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3. Trona Na3(H20)2{H[C03]2}TO gi’oup 

Inadequately Characterized and Doubtful 

Subcla ss 1. Insular 

DIVISION A. WITHOUT WATER AND ADDITIONAL ANIONS 

Subdivision I. Simple 

1. CALCITE GROUP. Trig., —/?3c, Z=2; 6 

^rk a Clj-i C/l d P H 

Gaspeite 5.58 48° 39.7" 4.60 14.72 (2.12) 4.4 4.5-5 

NilcOj] 

Smithsonite 5 68 48q9.6' 4,65 15.03 2.15 4.3 4.25—5 

Zn[C03l 

Cobaltocal cite 5,67 48"33,1' 4,66 14.96 (2.16) 4.1 ,~4,5 

CofCO^l 

Manfercite 5.91 — 47=43,3'- 4,78— 15.66—15.37 2,25—2.18 3.7—4.0 4.5-3. 5 

(Mn, Fe)[C03! 5.80 4.69 

Magfercite 5.61 — 48°11' — 4,63— 15.02—15.37 2.14—2,18 

0
 1 p
 

cd 4.75-3.5 

(Mg, Fe)[C03] 5.80 47=43,3' 4.69 
(2.35) 5.0 3,5—4 Ota vi te 6.13 47=19,2' 4.92 16.30 

(cadmocite) 

Cd[C03) 
2.71 3.25—3.75 Calcite CafC03] 6,37 46=04,6' 4.99 17.06 2.37 

Sir. Calcite type, which may be derived from NaCl type by re¬ 

placing Na by and Cl by CO3, the cubic lattice being compressed 

along the threefold axis. CO3 is perpendicular to this axis (Fig. 5 8); Ca 

is surrounded by six O (from CO3). Lattice parameters from Graf (1961) 

[1027] and Kohls and Rodda (1966) [1028]. 

Chem. Marked variations from isomorphous substitution; perfect 

Mg-Fe and Mn-Fe isomorphism, so the former three species give us the 

two new ones magfercite and manfercite, the subspecies being magnesio- 

magfercite, ferromagfercite, manganomanfercite, and ferromanfercite 

(Fig. 5 9)o All species contain substantial amounts of other components; 

in gaspeite Mg (:S16%) and Fe (<5.7%); in smithsonite Fe (<33%), Ca 

(<12.7%), Co (<10.3%), Mn (<9.3%), Mg (<7.2%), Cu (<6.1%), Cd (<2.3%), 

Pb (<1%); in cobaltocalcite Ca (<3.1%), Fe (<3%), Cu (<2.9%), Ni (<1.2%); 

in magfercite Ni (<30%), Ca (<11.7%), Mn (<7.5%) (magnesian subspecies), 

Co (<9.1%), Zn (<2%) (ferroan subspecies); in manfercite (Ca 19.4%), Zn 

(<31%), Mg (<13%) (manganian subspecies), Co and Cd (£l%); in calcite 

Mn (<16%), Fe (<13.1%), Mg (<7.3%), Pb (<6%), Zn (<4%), Sr and Ba 

(3-4%?), Co (<2%), TR (Ce or Y) (1-2%). 

Var. Mg-gaspeite, Mg,Fe-gaspeite, Fe-smithsonite, Ca-smithsonite, 

Co-smithsonite, Mn-smithsonite, Mg-smiths onite, Cu-smithsonite, Cd- 
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smithsonite, Ca-cobaltocalcite, Fe-cobaltocalcite, Cu-cobaltocalcite, Ni- 

cobaltocalcite, Ca-magfercite, Ni-magnesiomagfercite, Mn-magnesio- 

magfercite, Co-magfercite, Zn-ferromagfercite, Ca-manganomanfer- 

cite, Zn-manganomanfercite, Mg-manganomanfercite, Co-manfercite, 

Cd-maiifercite, Mn-calcite, Fe-calcite, Mg-calcite, Pb-calcite, Zn-cal- 

cite, Sr-calcite, Ba-calcite, Co-calcite, TR-calcite (Ce or Y). 

Phys. Habit varies (especially for calcite) from columnar to laths 

and platy or tabular, and even to foliated (papierspath). The last reveals 

the sublayered structure produced by the orientation of the CO3 radicals. 

Perfect (lOll) cleavage, parting on (0ll2) and (0001). 

Aragon ite 

Strontianite 

Witherite 

Cerussite 

2. ARAGONITE GROUP. Orth., — Pmcn, Z = 4 

a h c d P H 
CalCOj] 4.95 7.96 5.73 2.53 2.95 3.5—4.25 
Sr|COJ 5.13 8.42 6.09 2.64 3.8 3.75 
BalCO,,] 5.26 8.85 6 55 2.81 4.3 3.5—3.75 
Pb[C03] 5.15 8,47 6.11 2.71 6,6 3.5—3.75 

Str. The aragonite type (Fig. 60) differs from the calcite type in 

having a hexagonal distribution of the r2+ polyhedra (Belov, 1947 [58]), 

which gives us a relation to the NiAs type (p. 295 [175]). The large 

R-0 distances raise CNfrom 6 to 9 (very distorted cube-octahedron). The 

CO3 groups are perpendicular to the c axis (Fig. 264). The interatomic 

distances in strontianite: Sr-Og = 2.56 (1), 2.58 (2), 2.64(2), 2.65 (2), and 

2.73(2) (dm = 2.64); C-O3 = 1.30 and 1.29 (2) [1281]; see also [1390]. 

CT) 

IT) 

II 

to 
o> 

II 

i 

■-w- 
O>o 

0^ 

7,96 -^ 

• • 9^0 

#C0 ©c Qo 
Fig. 264. Structure of aragonite 

showing coordination of Ca. 

Chem. Much less variable than in the 

preceding group. Ca in aragonite is replaced 

by Pb (^15%), Zn (^lO'^r?), Sr (^S.Of^r), and 

TR (about 1®!^); strontianite contains Ca 

(^10.6*7-) and Ba (2-39('); and cerussite con¬ 

tains Sr (3.2%), Zn (<3.4^.?) and Ca (<0.5%). 

Var. Pb-aragonite, Zn-aragonite (?), 

Sr-aragonite, TR-aragonite, Ca-strontianite, 

Ba-strontianite, Sr-cerussite, Zn-cerussite 

(?). 

Phys. Habit ranges from short col¬ 

umns via laths to needles; cleavage varies. 

Aragonite and witherite have moderate (010) 

cleavage, while strontianite and cerussite 

have moderate (110). This is due to differ¬ 

ences in atomic size and (to some extent) in 
disposition. 
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3. VATERITE GROUFL Hex., s.g. not del., Z = 12 

Vateri te 

a 
CalCOg] 7.16 

c p H 

16.98 2;65 (3—3.5) 

Fig. 265. Structure of vater- 

ite showing orientation of CO3. 

Str. Close to that of bastnasite; can be con¬ 

sidered as an end-member of the bastnasite-syn- 

chysite series (McConnell, 1960 [346]). Neglect¬ 

ing the weak superlattice reflections, we get a 

pseudocell with a' = 4,13, c' = 8,49, and space 

group Dg — P63/mmc, Z = 2 (Kamhi, 1963 [1029]), 

The Ca atoms form a trigonal prism, in the cen¬ 

ter of which lies the C atom with the CO3 radical v 

vertical (parallel to the c' axis. Fig. 265). Ca is 

surrounded by six O; mean Ca —Og = 2.40 (2.29 

to 2,48). The next two O atoms (at 2.9) cannot be 

considered. 

Chem. Composition constant. 

Phys. Habit of artificial crystals tabular on (0001); also forms 

spherulites. Optically positive. 

Subdivision II. Complex 

Saliamalite 

Carbocernaite 

Burbankite 

1. SAHAMALITE GROUP. Mon.^orth.—>hex. 

Mg (La; Ce)^ [COjb 

NaSrCa(La; CeflcOj]^ 

(Na2Ca)Sr2Ca[C03]s 

S.g. 

C\,^-P2Ja 
Cl^-Pb2,m 

C6i;“P63tnc 

a b c p Z P H 

5.92 16.21 4.63 106°45'2 4.3 (5,5) 

6.40 7.29 5,22 — 1 3.5 3.5-4- 

10.52 — 6.51 — 2 3.5 3.5 

Str. A preliminary study has been made for burbankite, in which 

the cations foian two types of polyhedra (CNof 8 and 10), the first type 

containing the Na and some (probably half) of the Ca, and the second the 

Sr and the rest of the Ca, The polyhedra with CN -10 are linked via com¬ 

mon vertices in (0001) planes and are also attached to CO3 groups lying 

parallel to (0001), The other 3/5 of the CO3 triangles are inclined to the 

c axis, which is the reason for the low birefringence and poor cleavage 

(Voronkov et al., 1967 [1030]). 

Chem. Sahamalite has LarCe « 1:1, Mg is replaced by Fe (<2%). 

Carbocernaite has nearly the same LacCe ratio, with Ca partly replaced 

by Y and Sr by Ba (5.9%). Burbankite has Sr I'eplaced by Ba (<13.6%) 

and Ca (and Sr) by TR (Ce predominant) via NaTR -* 2Ca(Sr), with up to 

15.1% TR. 

Var. Ba-burbankite, Ce-burbankite. 
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Phys. Sahamalite and carbocernaite form tabular crystals; bur- 

bankite has short columns. Cleavage imperfect in all. 

2. DOLOMITE-NORSETHITE GROUP 

Dolomile subgroup. Trig., Cf^. — /?3 

a^h “ <^h ^ P H 

Dolomite Ca (Mg, Fe) (COak 6.01—6.06 47°30'—46°58' 4.81 16.01 1;3 2.85—3.2 4—3.75 
Kutnohorite CaMn [COgk 6.12 46'’38' 4.88 16.37 1; 3 3.0 (3.75) 

Str. Dolomite type, differing from calcite type in a regular se¬ 

quence of layers of Ca octahedra and (Mg, Fe) or Mn octahedra. The 

mean distance Ca(Mg, Fe)-Og is about 2.30. 

Cheni. Dolomite has perfect Mg—Fe isomorphism (although pure 

CaFe[C03]2 has not yet been observed), so the subspecies are magnesio- 

dolomite and ferrodolomite. Ca is replaced by Mn (<23%) and Pb, and 

also by Fe and Mg (transition to a disordered structure); Mg and Fe are* 

replaced by Co (<5.2%). Kutnahorite has Mn replaced by Mg (<6.9%) and 

Fe (<8.7%); Ca—Mn substitution also occurs o 

Var. Mn-dolomite. Co-dolomite, Pb-dolomite, Mg-kutnahorite, 
Fe -kutnahorite. 

Phys. Habit and cleavage as for the calcite group. 

Norsethite subgroup. Trig. 

S.g. a “4 ^1, Z P H 

Norsethi te BaMg [CO3I2 — R32 6.29 47^2 5,02 16.75 1; 3 3,8 3,75 
Benstonite Ba6Ca7 [C03)j3 Cl — /?.T 10.94 113°18' 18.28 8 67 1:3 3.6 3.5 — 

Huntite CaMgs [CO3], Dl — R32 6.08 102°56' 9.51 7.82 1;3 2.70 (b 

Str. Norsethite may have a structure of dolomite type (Strunz , 

1966 [1031]), although its space group is as for huntite (Graf and Bradley, 

1962 [1032]). Benstonite has a superlattice of calcite type with a'=a\f‘i 

= 5.07 and c' = 2c = 17.34 (Lippmann, 1962 [1033]). According to the new 

data of Lippman, in norsethite the Ba atoms are surrounded by 12 oxygen 

atoms (ditrigonal prism). The mean interatomic distances are: Ba-Ojo = 
2.72 (6) and 3.18 (6); Mg-Og = 2.09; C-O3 = 1.28 [1140]. 

Chem. Norsethite and huntite are of constant composition. The 

Ba in benstonite is replaced by Sr (4%) and the Ca by Mg (1.7%) and Mn 
(0.4%). 

Phys. Cleavage on the rhombohedron in every case. 
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3. BARYTOCALCITE GROUP. Orth.^mon.,-^hex. 

S.g. a b c Z P H 

Al stonite BaCa [CO,.,l2 D'21, — Pincn{?) 5,00 8.79 6,12 — 2 3,6 4-4,5 
Barytocal cite BaCalCO.b cl, - P2Jm 8.17 5.23 6,59 106°08' 2 3.7 4 

Ewal d i te BajCa^lcOj] 5 5.28 — 12.78 — 4 3.9 3.75—4 

Str. Alstonite is of the aragonite type; Ba and Ca have CN of 9, and 

the distribution over the positions in the structure should be ordered. 

Ca in barytocalcite has CN = 6, and Bahas CN = 9. Mean distances; Ca-Og = 

2.49; Ba-Og =2.69 (Aim, 1960 [344]). 

Cliem. Compositions fairly constant. Alstonite contains isomor- 

phous Sr (<4.3%), and both contain Mn (<0.2%). 

Phys. Short columns to isometric; alstonite has imperfect (110) 

cleavage, while barytocalcite has (210) perfect and (001) imperfect. 

4. EITELITE GROUP. Trig. —> hex. —^ orth. 

S.g. a b c Z P H 

Eitel ite Na2Mg [COsli C; -P3 4.96 — 16,53 3 2,73 (3.75) 

Ny ererei te Na.jCa [CO,.,k Not det. 20,34 — 12.04 32 2,54 (3) 

Shortite Na.2Ca3 (COgh C2J, — C2mm 7,11 10.99 4,99 2 2.60 3,5 

Str. Known only for shortite (Wickman, 1950 [1034]); consists of 

Na and Ca distorted polyhedra (Naj CN = 6, Najj CN = 7, CaCN-9). The CO3 

groups have several orientations, about half lying in the (001) plane and 

the rest being perpendicular to that plane and almost mutually perpendic¬ 

ular in pairs, so that they lie in the (110) and (IlO) planes. Mean inter¬ 

atomic distances: C—O3 = 1.31; Na—Og =2.55;Na—O7 =2.64;Ca—O3 =2.53. 

Phys. Shortite is columnar to tabular, moderate (010) cleavage. 

Nyerereite has perfect (0001) cleavage. 

DIVISION B. WITH ADDITIONAL ANIONS OR RADICALS 

Subdivision 1. Simple 

1. BASTNASITE GROUP. Hex., D],, — P62c, Z = 6 

a c p H 

BastnSsite Ce (CO3] (OH, F) 7.05—7.23 9,79—9.88 5.1—4.9 5.5—6 

Yttrobastniis i te yIcoJf 6.57 9.48 4.0 (6) 

Str. Typical insular structure (Oftedal, 1931 [1035]), which Ce and 

F atoms and CO3 radicals (Fig. 266). The last are all oriented along the 
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©Ce O'" 

Fig. 266. Structure of bastnasite. 

principal axis, but their planes are turned around this axis and are nearly 

mutually perpendicular. Environment of Ce = 3F (d = 2.39) + 20 (2.4.9) + 

60 (2.74). Mean distances: C-O3 = 1.27; Ce-(0, F)ii =2.51 (Donnay and 

Donnay, 1953 [1038]). 

Chem. Ce often replaced by La, Nd, and Pr (<45.8%), and also Th 

(<3%) (Ce — Th + Ca) and Y (<25%). F replaceable completely by OH 

(Aleksandrov et al., 1965 [1036]), so we have the subspecies hydroxyl- 

bastnasite and fluorobastnasite. In yttrobastnasite Y is replaced by Ca 
(4.1%), Ce (7.1%), Nd (6.2%), Sm(5.3%), Gd(6.8%), Dy (11%), Er(7.5%), and 

Yb(5.3%) [1279]. 

Var. Y-bastnasite, Th-bastnasite, La-hydroxylbastnasite, 

Ca-yttrobastnasite, Ce-yttrobastnasite, Dy-yttrobastnasite, etc. 

Phys. Tabular, imperfect (1010) cleavage, distinct (0001) parting. 

2. M.4LACHITE GROUP. Mon., Cj;, — P2i/a, Z = 4 

a b c ^ p H 

Malachite CuCu [CO3] (OH)2 9.48 12.03 3.21 98° 4.0 3.5—4 

Str. Two types of Cu, both with planar fourfold coordination of two 

O plus two OH (Fig. 267a); but the two next nearest neighbors, which give 

rise to a very distorted octahedron, are two O (too remote) for Cuj and 

two OH for Cujj. Interatomic distances: Cuj—(O, OH) = 1.91 (2), 2.03 (2), 

and 2.58 (2); Cuij-(0, OH) = 2.08 (2), 1.92 (2), and 2.36 (2); C-O3 = 1.29 

(Susse, 1967 [1037]). 

Chem. Cu replaced by Zn (<12%). 

Var. Zn-malachite. 

Phys. Columnar, perfect (201) and (010) cleavages. 
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3. AZURITE GROUP. Mon., Z = 2 

S.g. a b c P p H 

CujCu ICOslzCOH)^ C2,, — P2i/c 4.97 5,84 10.29 92'''24' 3.8 3.75—4 

ZrigZna [COalAOH),, Cg,, — C2//n 13,62 6,30 5,42 95°50' 4,0 4—4,5 

Str. The two minerals are not identical. Azurite has two types of 

Cu: Cnx is surrounded by two O + two OH (rectangle), while Cujj has 

three O + two OH (tetragonal pyramid). These polyhedra are linked via 

common OH groups (Fig, 267b) and are mutually perpendicular in direc¬ 

tion. The O atoms are in common with the CO3 radicals, the three O 

atoms in each radical joining to three different Cu polyhedra. Mean in¬ 

teratomic distances: Cuj~(0, OH)4 = 1.93; Cuii-(0, OH)5 = 2.07; C-O3 = 

1.27 (Gattow and Zemann, 1958 [348]). 

Hydrozincite has three Zn with octahedral (two O + four OH) sur¬ 

roundings, and two Zn with tetrahedral (O + three OH) surroundings. 

Mean interatomic distances: Zn-(0, OH)g = 2.10; Zn-(0, OH)4 = 1.95; 

C—O3 =1.35 (Ghose, 1964). Sublayered structure. 

Chem. Compositions constant. 

Phys. Habit of azurite varies from columnar to tabular; perfect 

(Oil) and (100) cleavages. Hydrozincite has plates to laths elongated 

on (001) and flattened on (100), perfect (100) cleavage. 

Azurite 

Hydrozincite 

Fig. 267. Saucture of: a) malachite in projection on (001), b) azurite in projection on (010). 
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Siilxlivision II. Com])le\ 

1. PARISITE GROtiP. T rig.—^orth. 1 j)seu(l ohex. I —*hex. 

Syst. S.g. a C c'pseudo- 
repeot 

Z P H 

Parisite CaCe2|C03]3F., Trig. C,| — /^3 7.18 84.1 4.68 18 4.4 5—5,5 

Rontgenite CaaCe., |C03|,,F3 Trig. c\ — 7.1.3 69.4 4.62 9 4.2 (5) 

Synchysite CaCe [CCLIaF Orth. (pseudohex.) 7.1 1 54.7 4.56 18 3.9 5 

Cordy 1 i te BaCe.j |C03);,F.2 Hex, Dp,, — P6^/mtnc 7.55 22.8 — 6 4.3 4.5—5 

Huanghoite BaCe|CO;,J..F Hex, Not det. 5.11 19.6 — 3 4.7 4.5—5 

Str. Analogous to that of bastnasite (Oftedahl, 1931 [1035]; Donnay 

and Donnay, 1953 [1038]). The latter has only CeF sublayers along the 

c axis (c' =4o89), whereas these minerals have layers of CeF and Ca, 

with c' decreasing regularly in the sequence parisite to synchysite (Se¬ 

menov, 1959 [345])o Cordylite and huanghoite have bastnasite cells al¬ 

ternating with cells of smaller size (3.27) along the c axis, the CO3 ra¬ 

dicals in the latter being horizontal (Fig, 61e), which produces different 

c parameters (and the negative optical sign). 

Chem. All have Ce replaced by La and other large TR (Pr, Nd, Sm), 

often up to 1:1 or more. The Ce in parisite is also replaced by Y (^7.86%), 

while in synchysite (to judge from the parameters of 'doverite') this ap¬ 

pears to extend even further. 

Var. Y-parisite, Y-synchysite. 

Phys. Mainly columnar, moderate cleavage or parting on (0001), 

2. AURICH.4LCITE GROUP. Orth.-^mon., 7 = 4 

S.g. a b c fi p H 

Aurichalcite ZHjCua [COa). (OH)e —/?22,2 27.2 6.41 5,29 — 3.9 (4) 

Rosasite ZnCu [CO3I (OH)., Not det. 9.42 12.33 3.44 ? 4,2 4.5 

Loseyite Mn4Zn3 [CO^|.. (OH)io — C2/c 14,95 5,56 16,25 95 24' 3.3 3,5—4 

Str. Not generally known, Rosasite has the malachite structure, 

with half of the Cu replaced by Zn, which applies to Cujj only, as this is 

surrounded by O and OH in a less distorted octahedron, which corre¬ 

sponds more closely in size to the Zn octahedron. Aurichalcite is of the 

hydrozincite type, as is clear from the maximum possible Zn:Cu ratio 

of 3:2, which is possible if the Cu replaces only Zn in fourfold coordina¬ 

tion (see hydrozincite). Loseyite also has different coordination for Mn 
and Zn. 

Chem. Zn content of rosasite often less than 1:1 (Palacheetal., 1951 

[154]). The Zn:Cu ratio of aurichalcite varies from 3:2 to 3:1, Mn in 
loseyite is replaced by Mg (£3.4%). 
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Phys. Columnar to laths. Perfect cleavage in two directions in 

rosasite; perfect on (100) in aurichalcite. 

3. NORTHUPITE GROUP. Cubic. 0^ — Fd3m 

a Z p H 

Northupite Na.^Mg [COJ,Cl 14,08 16 2.36 3.75—4 
Tychite Naf,Mg.,[C03]4 [SO4) 13.90 8 2.59 3,75—4 

Str. Known for both (Shiba and Watanabe, 1931 [1040]). Mg has an 

octahedron of O atoms in CO3 groups; Na in northupite has six O + two 

Cl, and in tychite has eight O. The CO3 groups are oriented along the 

planes of a tetrahedron and thus produce no nett anisotropy. Mean in¬ 

teratomic distances in northupite Mg—O0 = 2.11; Na—(O, Cl)g = 2.67; 

C-O3 = 1.15; in tychite Mg-Qg = 1.90 (?); Na-Og = 2.56; C-O3 - 1.10 (?) 

(pp. 80; 98 [176]). 

Chem. Mg in northupite replaced by Fe (<9%). 

Phys. Isometric, no cleavage. 

DIVISION C. HYDRATED WITHOUT ADDITIONAL ANIONS 

Siihclivision I. Siiiiplr 

1. TENGERITE GROUP. Orth. 

S.g. a b c p H 

Tengerite Y2(H20)3[CO3]3 Not det 9.18 11.34 7.60 (3.2) (3.5) 

Str. Not known. The lattice parameters have been obtained for the 

artificial compound (Nagashima and Wakita, 1970 [1283]). 

Chem. In natural minerals much Ca and Be are present, the first being 

an isomorphic constituent of Y (Dana [154]). 

Barringtonite 

Nesquehonite 

Lansfordite 

Hel ly eri te 

2. LANSFORDITE GROUP. Trid. — mon.-^irig. 

Mg(H20)2[C03J 

Mg(H.,0)3[C03l 

Mg (H^O), [CO3] 

Ni (HaOe [CO3I 

S.g. a b c p Z y) H 

C[-P1 9.16 6.20 6.09 95°32' 4 2.83 3.5 

a= 94“00' y= 108n2' 

cli^ — P2^/n 7.68 5.39 12,00 90M5' 4 1.85 3 

d,, — P2i/m 12.50 7 57 7,35 10P49' 4 1,69 3 
Trig. (?) _ - - - - 1,97 3 

Str. Not known. 
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Phys. Short columns, perfect cleavage on (001) and (110) (nes- 

quehonite), (100) (lansfordite), three directions (hellyerite); barringtonite 

has moderate cleavage in three pinakoids , as seen under the microscope. 

3. MONOHYDROGALCITE GROUP. Hex.- 

a b c z 
Monohydro col cite Ca(H20)[CO,| 10,62 — 7.54 — 9 
Ikoite 

(hexohydrocol cite) 
CaiHaOIJCO^I - - — — — 

Str. Not Imown; cell parameters of monohydrocalcite for the ar¬ 

tificial compound, whose space group (Dg or D®) is not exactly known 

(Lippmann, 1959 [1041]). 

Phys. Habit not known; synthetic Ca(H20)g[C03] has short columns 

to tablets (Krauss and Schriever, 1930). 

4. THERMONATRITE GROUP. Orth.-^mon., Z = 4 

S.g. a b c ^ p H 

Thermonatrite Na2 (H2O) [COy] Dj/, — Ptnmrn 10.74 6.45 5.25 — 2.55 1.5—2 

Natronite Naj (HaO)^ fCO.,] Cy, — C2/c 12.76 9.01 13.47 122=48' 1.46 1.5 

Str. Known for thermonatrite (Harper, 1936 [1042]), with two types 

of Na: Naj with five O + one HgO, Najj with four O + two HgO. CO3 groups 

parallel to (010), HgO linked to two Na and two O (dj^ 2.7). Interatomic 

distances: C-O3 = 1.22, 1.22, and 1.25; Naj-OgHgO = 2,46, 2.58, 2.54, 2.48, 

2.32, and 2.38; Nan-04(H20)2 = 2.30, 2.40, 2.35, 2.74, 2.56, and 2.70. 

Phys. Tabular, imperfect cleavage on (010) (thermonatrite) or (001) 
natronite. 

Slll)(li^ isioii II. Compit'v 

1. L.\NTH.\NITE GROUP. Orrli.^lrig. ->hex. 

S.g. a h c Z P H 

Col cin si te I.aCe (H.,0)4 (COala D'l - P2i22, 9,57 12.65 8,94 4 3.3 (3,5) 
Lonthonite LaCc (llsOisICOal, Not det. 9.52 17,1 9.02 4 2.72 3—3.5 
Mockel vey i te Na2B;uCaY2(11.20)NC03|, C;.-P3 9,17 — 19.15 2 3,6 (3) 
Welogoni te SrsZrjlHp)^ CO3 1, Cl—P2,S^) 8.96 — 18.06 2 3.2 3.5—4 
Thorbo stnds i te CaTh fHp)3[c03] 3^3 D\f,~P6‘2c 6.99 — 9.74 3 4.7 (4.5—5) 

Str. Not known. Thorbastniisite seems to be isostructural with 
stnasite (Pavlenko et al., 1965 [1039]). 
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Chem. La:Ce close to 1:1. The stoichiometric relationships in 

mackelveyite are appreciably disturbed byNa-Ca-Y-TR isomorphism. 

Phys. Platy on b axis (calcinsite) and c axis (lanthanite). No cleav¬ 

age in mackelveyite; perfect on (100) and (010) in calcinsite, on (010) in 

lanthanite. Weloganite columnar with perfect (0001) cleavage [1280]. 

2. ANDERSONITE GROUP. Trig., Cl. — /?3(?), Z = 18 

Q/t a pH 

Andersonite Na-.Ca (UO2) (H.O)^ fCOg 18,04 23.90 13 11 86°56' 2.8 — 

Str. Not known, 

Phys. Isometric, no cleavage observed. 

.1. PIRSSONITE GROUP. Orth.^mon., Z=8;4 

S. g. a b c p p H 

Pirssonite NaaCa(H20)3 [CO3k C2^ — Fdd2 11,32 20.06 6,00 — 2,35 3,5—3,75 

Gaylussite NagCa (H20)NC0;,]2 C\h~-C2c 14.35 7.78 11.21 127‘“5k 1.99 3—3,5 
Chal conatronite Na2Cu (H^O)-[003)2 — — — — — 2.27 — 

Str. In pirssonite the Ca atoms have eightfold coordination, while 

the Na atoms have sixfold coordination (distorted octahedra); the latter 

form crossed chains which are joined by Ca polyhedra and CO3 triangles. 

The interatomic distances are: Na—(O, H20)g = 2.28-2.76 (dm = 2.46); Ca— 

Og (H20)2 = 2.47; C —O3 = 1.28(2) and 1.30 (Corazza and Sabelli, 1967 [1144]). 

The lattice parameters of gaylussite are based on data by Menchetti [1116]; 

closely agreeing data are presented by McKie (1284). 

Phys. Thick tablets or short columns, nearly isometric. Chalco- 

natrite occurs as thin plates. Only gaylussite has a cleavage: perfect 

on (110). 

DIVISION D. HYDRATED WITH ADDIIIONAE ANIONS OH RADICAES 

Subdivision I. Siini)l<‘ 

1. ZARATITE GROUP. Cul.ic ( ?), s.g. not det., Z - 1 

Zaratite 

a p H 

Ni3(H20)4lC03](0H)4 6.16 2,65 3,5-4 

Str. Not studied (not indexed on basis of simple cubic cell). 
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Chem. Composition needs to be checked. 

Phys. Cleavage not observed. 

2. ARTINITE (iHOL P. Mon.—»mon. ( p^eudoorth.) 

Artin ite 

Hydromognesi te 

Dypingite 

S.g. 

Mg2(H20)3 (CO3) (Ollh C-'-C2 

Mg,, (H20)4 [CO3I4 (0H)2 d’^-C222, 

MgsIHp); IcOjl^IOHIj Not det. 

a b c P Z p H 

16.69 3 15 6 21 99'’45' 2 2.02 3 

18.58 9.06 8,42 90^ 4 2.24 3.75 

— — — — —2.15 (3.5) 

Str. Known approximately for artinite (Wolf, 1952 [1043]); brucite 

blocks are considered to be present. Mg surrounded by two OH and four 

H2O. CO3 groups lie in (101), plane of the b axis. The hydroxyl-hydrogen 

bonds from O (in CO3) to H2O vary in strength (O—H—O = 2.65-2.88). 

Phys. Needles to laths, perfect cleavage on (100) and (001) (ar¬ 

tinite), or (010) (hydromagnesite). 

Siilulivisioii II. Complex 

1. ANCYLITE GROUP. Orth., s.g. not det., Z = 1 

a b c p H 

Ancylite (Sr, Ca).2 LaCe (H.jOIz fC03]4 (OH), 5.00 8.48 7 01 4.3—3 8 4—4.5 

Str. Not known. Cell parameters from Motychko (1959) [1044]; 

formula simplified by Semenov and Kazakova (1961) [1045]. 

Chem. Perfect Sr—Ca isomorphism (Palache et al., 1951 [154]), 

subspecies strontioancylite and calcioancylite. La:Ce close to 1:1, but some 

specimens are low in La. Ca in calcioancylite replaced by Mn (£5.6%) and 

Y (£l%); Sr in strontioancylite replaced by Ba (£1.6%). Th (£0.2%) re¬ 

places La and Ce. 

Var. Mn-calc ioaneyl ite , Ba-strontioancylite. 

Phys. Isometric, no cleavage. 

2. CALLAGH ANITE GROUP. Mon., Cj,, —C2/c, Z--= 4 

a be ,3 pH 
Callaghanite Mg.jCu, (11,0)-2 [CO3I (OH), 10.06 11.80 8.24 107° 18' 2.71 3.5—4 

Str. CO3 radicals linked to Cu and Mg polyhedra (Brunton et al., 

1957 [1046]) and lying parallel to (001); two O atoms linked to Mg, while 

one forms a hydroxyl-hydrogen bond to H2O, Mg surrounded by one O, 
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four OH, and one H2O. Cu has fivefold (pyramidal) coordination, four OH 

and one H2O. Interatomic distances; C—O3 = 1.41, 1.41, and 1.29; 

Mg-(0, OH, H20)6 = 2.03; Cu-(OH, H20)5 = 2.01 (4) and 2.23. 

Phys. Isometric, perfect (111) and (111) cleavages. 

Subclass 2. Cliain 

1. ALLIMOHYDROCALCITE GROIIP. Mon. -^orth. 

a b c Z p H 

Alumohydrocalcite CaAl2(H20)3[C03j.2(OH),d, — — — — 2.23 3 
Dundasite Pb3Al,(Hp)3[c03]^(0H)3 4, 9.05 16.35 5.61 2 3.6 2.5-3 
Schu i 1 i ngi te Ca3Pb3Cu.2 (HaO)^ [€03)3 (OH)„ % _____ 5.2 3.5—4 
Dresserite Ba3Al,(H30)3[C03].,(0H)3 4 9.27 16.8 ,5.6.3 2 3.1 3—3.5 

Str. Not known. Assigned from morphology. 

Chem. A1 partly replaced by Fe^"'" (up to 5.5% in dundasite). 

Phys. Acicular to fibrous, perfect cleavage in one direction [(110) 

in schuilingite]. 

2. DAWSONITE GROUP. Orth. ^tetr. 

S.g. a b c Z P H 

Dawson i te NaAl[C03](OH).3ci Cll—fma2 6.73 10.36 5.58 4 2.44 3.5 

Tun i site NaHCa^Al Jc03].,(OH)jo 4 0]^,~P4/nmm 11.22 — 6.58 2 2.51 4.5 

Str. Na and A1 have distorted octahedral coordination; the first is 

surrounded by four O and two OH, while the second has two O and four 

Fig. 268. Structure of; a) dawsonite, b) nahcolite, with [HC03]^ chains along a axis 
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OH. The A1 octahedra are linked by common OH edges into columns of 

rutile type parallel to the c axis, while the Na octahedra alternate with 

CO3 groups in heterogeneous chains in the same direction, sharing ver¬ 

tices with the columns of Al octahedra (Fig. 268a). Interatomic distances: 

Na-04(0H)2 = 2.47 (4); 2.39 (2); Al-02(OH)4 = 1.95 (2); 1.86 (4); C-O3 = 

1.27. (Frueh and Golightly, 1967 [1047]). The structure of tunisite is not 

known; it maj^ be layer [1282]. 

Phys. Laths to needles (on c axis), (110) cleavage perfect. Tunisite 

tabular; perfect (001) and (110) cleavage. 

:i. NAHCOLITE GROUP. Mon.^orth.-^tricl. 

S.g. a be ^ Z p H 

NafHCOalco C\k—P'iiln 7.53 9.72 3.54 93° 19' 4 2.21 3 

NH4[HC03)do Dll—Pccn 7.30 10.81 8.78 — 8 1.57 1.5 

Na., {H3(C03)4) 4, C,‘-P1 10.04 15.56 3,47 — 2 2.34 3—3.5 

a = 91° 55' p = 95° 40' 7 = 108° 40' 

Str. Planar chains of CO3 groups linked via hydrogen bonds (Fig. 

268b), the position of H half-way along the 0—0 line being chosen ar¬ 

bitrarily (O-H-O = 2.55). These chains run along the a axis, and their 

planes are parallel to (101); they are linked via Na (CN = 6), Na-Og = 2.47 

(Zachariasen, 1933 [350]). Teschemacherite has analogous chains, but 

with a somewhat different orientation (Brooks and Alcock, 1950 [351]). 
Wegseheiderite has not been studied. 

Phys. Short columns to plates. Naheolite has perfect (101) cleav¬ 

age, moderate (100); teschemacherite has perfect (110). Wegseheiderite 
has moderate prismatic cleavage. 

Naheolite 

Teschemacherite 

Wegseheiderite 

Suhcl ass 3. Layer 

DIVISION \. WHYnHOlS 

1. RU rilERFOKDITE GROUP. Orili.. Dj'/,—Pmnin or Cjj,—Pmn2,. Z = 2 

a b c p H 
Rutherfordite UOalCO,,!^, 4.84 4.29 9.20 5.7 (3—3.5) 

(urocite) 

Sir. Layers of CO3 groups parallel to (001), with linking uranyl 

groups normal to these, lying in the plane of the layer and linking to 

its own two O as well as to six O derived from four CO3 groups (Fig. 269). 

The setting has been altered (b and c interchanged). Interatomic distances: 

= 1.67 (2), 2.43 (2), 2.52 (4) (Christ et al., 1955 [353]). 
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Fig. 269. Structure of rutherfordite, 

projection of a UO2CO3 layer on (001). 

Phys. Morphology not studied; perfect (001) cleavage. 

2. BISMUTITE CROUP. Tetr.. Z 2 

S.g. a c P H 

Bismutite Bi2 [CO3] 02<^ Ol'fj — I4lmmm 3.87 13.69 8.3 3—3,75 

Beyeri te CaBia (COjl^Oj ^ D\f^ — f4/mmm 3.79 21.81 6.6 2,5—3,5 

Kettn eri te CaBi [COdOFcg, Olfi — P4lnmm 3.79 13.59 (5.8) (3—3.5) 

Str. Alternating (BiO)2n and (003)^ layers. Bi has fourfold py¬ 

ramidal coordination (as for Pb in PbO), with O atoms projecting to both 

sides of the central layer (Fig. 270a). At larger distances it is linked to 

O atoms in CO3 groups (Lagercrantz and Sillen, 1948 [355]). Beyerite 

has Ca (CN = 8) between these layers (Fig. 270b). The order in bismutite 

Fig. 270. Structure of: a) bismutite, b) beyerite. Fig. 271. Structure of kettnerite. 
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is (Bi0)2“C03—(Bi0)2“C03 —(BiO)2, while in beyerite it is (Bi0)2“C03 — 

Ca—CO3—(BiO)2. Kettnerite (Fig. 271) has the same sequence as bis- 

mutite, but with regular alternation of BiO and CaF. Mean interatomic 

distances: in bismutite Bi—O4 = 2.29 and Bi—O4 = 2.74 (O from CO3); in 

beyerite Ca—63 ~ 2.80; Bij—O4 = 2.29, and Bi—O4 = 2.66; C—O3 = 1.31 

(p. 319); in kettnerite Bi-04 = 2.29; Ca-F4 - 2.33; distances between 

layers 2.68 (Synecek and Zak, 1960 [1048]). It is considered that the CO3 

groups rotate in two planes parallel to the c axis (Lagercrantz and Sillen, 

1948 [355]). The layered pattern parallel to (001) arises solely from the 

difference in the Bi—O and Ca—O distances (in beyerite), which produces 
the difference [by a factor of 2-3] in bond strengths within layers and be¬ 

tween them. 

Phys. Platy on basal plane, moderate (001) cleavage. 

3. HYDROCERUSSITE GROUP. Trig.—^mon. (pseiidohex.» 

S.g. a b c ,3 Z p H 
Hydroceruss ite Pbg fCOgk (OH),,!: Not det. 5.24 — 23.65 — 3 6.8 3.5—4 

Leadhillite Pb4 [SOJ fCOds (OH)2cx C^/, — P2i/a 9.09 11..57 20.74 90°29'8 6.6 3—3.5 

Susonnite PbJsOJlcOj (OH), A Cli~R3 9.05 - 11.54 - 4 (6.6) (.3—3.5) 

Str. Hydroceruss ite has heterogeneous layers of Pb polyhedra and 

CO3 groups oriented parallel to (0001) (Cowley, 1956 [1049]). The Pb 

atoms lie in three types of position; two have CN = 10 and are surrounded 

by six O on one side and four OH on the other (one of these has dis¬ 

torted coordination). The third has CN = 8 (four O + four OH). The layer 

pattern arises from alternation of stronger Pb-0 bonds and weaker Pb-OH 

ones and is very pronounced parallel to the plane of orientation of the CO3 

groups. Interatomic distances: C-O3 =1.45; Pbj-(0, OH)io =2.86; 

Pbii-(0, OH) 10 =2.86; Pbiu-(0, OH)8 =3.0 (very distorted polyhedron). 

Leadhillite has not been studied; assigned here on the basis of properties. 

Phys. Tabular and platy, perfect cleavage on (0001) (hydrocerus- 
site) or (001) (leadhillite). 

4. PHOSCENITE GROUP. Tetr.. - P4/mbm , X = 4 

a c p H 
Phosgenite Pl)21CO^| C1.8.15 8,87 6.1 2.5 3,5 

Sir. Heterogeneous layers of Pb atoms and CO3 groups, nearly 

parallel to c axis. These layers have square holes, which take paired Clj 

atoms. The layers are connected via layers of Cln atoms, which produce 

the weakest bonds in the structure (Fig. 272). Pb has CN = 6 (four O and 

two Cl). Interatomic distances: C-O3 = 1.25; Pb-(0, Cl)g =2.74. The 

=3.44 bonds are the weakest (Sillen and Pettersson, 1945 [1050]). 



Phys. Short columns to tabular, moderate (001) and (110) cleavages, 

(100) imperfect. 

DIVISION B. HYDRATED 

1. LIEBIGITE GROUP. Mon.^orth.^tricl. 

S.g. a b c Z P H 

Bayleyite cli, — ^2, ja 26.65 15.31 6.53 4 2,05 — 

Mgo IIIO. [CO^Jal -lSH.O^ 

clh 
P = 93° 04' 

Swartzi te — P2Jtn 11.12 14.72 6.74 2 2,30 — 

CaMg (UO2 [CO.,!,! ■ l2H,Ot^ P = 99° 26' 
3—3,5 Robbitti te Not det. 32.6 23.8 9.45 8 2,57 

Ca.fAg, {(U02b(C03iaOH)4l ■ 18HoO,l: 

0
 
0

 

11 
co_ 

Liebl gite cll — Bba2 16.71 17.55 13.79 8 2,41 3—3.5 

CajuO^lcOjJj i-lOH^O 

Zel lerite — Pmnm (?) 11.22 19.25 4.93 4 3.2 2-2.5 

CaiuoJcOjJj 1 • 5Hp ^ 

Metazel lerite -Pbnm (?) 9.72 18.23 4.97 4 3.4 (2.5) 

Ca^iuoJCOjlji- 3Hp d 
VogI i te Not det. — - — — — 

CaaCu {UOaLcOjJJ- eH.Ocg, 

Str. Known for liebigite (Appleman, 1956 [354]). The layer pattern 

is due to U02[C03]3 groups with the three CO3 groups lying in a plane per¬ 

pendicular to the linear UO2 group and parallel to (100). The Ca atoms 

link these groups into double layers, between which lie the H2O molecules. 

Bayleyite and swartzite are evidently also of this type; rabbittite and 

voglite have been studied only chemically. 

Chem. Compositions constant, except that Mg in bayleyite is re¬ 

placed by Ca (<3.4%). 

Phys. Generally short columns; rabbittite, zellerite, and meta- 

zellerite are acicular, voglite occurs as foliated aggregates. Rabbittite 
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has moderate cleavage on (001), as does liebigite on (100); voglite has 

perfect (010) cleavage, while zellerite and metazellerite show no cleav¬ 

age (Coleman et al,, 1966 [1051]). 

2. SCHRdCKINUERITE GROUP. Tricl.,. C[—PI (?) (pseudohex), Z = 2 

a b c p H 
Schrockingerite NaCa^ (UO2 [SO4) (CO3 F) ■ IOH2OOT 9.60 9.62 14.46 2.55 3 

(x = 91°42' ^=9r48' y= 120°0.5' 

Str. Not known; assigned from properties and crystallochemical 

arguments. The lattice parameters according to data of Smith [1285]. 

Phys. Platy on (001), highly perfect (mica-type) cleavage on (001). 

3. TRONA GROUP. Mon., Z= i 

S.g. a h c ^ p H 

Trona Nag(HnO)2 {H [COak) Ca* — C2/c 20.41,3.49 10.31 106°20'2,I4 3—3,5 
(hydronotrite) 

Kal'cinite KlHCO^lS, C^—P2,/a 15.13 5.63 3.71 103°49' 2.17 (2.5—3) 

Str. Trona consists (Brown et al., 1949 [1052]) of layers parallel 

to (100) consisting of CO3 groups and Na atoms in octahedral and pris¬ 

matic coordination (Fig. 273). Within a layer there are hydrogen bonds 

(0~H~0 = 2.53) between the O of two adjacent CO3 groups; between layers 

there are hydroxyl-hydrogen bonds (O-H2O = 2.76). Interatomic distances: 

C-O3 = 1.23, 1.23, and 1.26; Naj-Og = 2.41; Na2-04(H20)2 = 2.47 (4) and 
2.38 (2) (Candlin, 1956 [1053]). 

Kalicinite consists of paired CO3 groups linked by a double hydrogen 
bond (O-H-0 = 2.61) to give planar H2C2O6 radicals parallel to (100), 

which are linked together by weak bonds to K atoms between them in 

Fig. 273. Structure of trona, layer pattern due to weak H2O—O bonds 

(broken lines) parallel to the a axis. 
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distorted eightfold coordination (Koo, 1952 [352]). Interatomic distances: 

C-Og = 1.28, 1.32, and 1.32; K-Og = 2.68, 2.69, 2.74, 2.82, 2.88, 2.92, 

2.92, and 3.13 (d^^ = 285) (Nitta et al., 1954 [1054]). Strictly speaking, the 
structure is sublayered. 

Phys. Trona tabular to platy, perfect (100) cleavage. Artificial 

kalicinite forms short prisms, with cleavage on (100), (001), and (101), 

Inadequately Characterized and Doubtfid 

Ambatoarinite Sr(La, Ce)2[C03]30 (?) 

Beryllium tengerite Be(Ce, Y)[C03](0H)3 • HgO (?) 

Nasledovite Pb2Mg2Mn3Al6[S04][C03]7(0H)ie • 2H2O (?) 
Pentahydrocalcite Ca(H20)5[C03] (?) 

Plumbomalachite PbCu3[C03]3(0H)2 (?) 

Sharpite U02[C03] " H2O (?) 

Studtite (hydrated U®"*'carbonate?) 

Trihydrocalcite Ca(H20)3[C03] 

Waltherite (hydrated Bi carbonate?) 

Widenmannite (Pb and carbonate?) 
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Subclass 1. Insular 

DIVISION A. WITHOUT WATER AND ADDITIONAL ANIONS 

1. LAUTARITE Ca[IOa] - GROUP cl^ — P2Jn, Z = 4 

a b c ^ p H 

Lautarite (calciodite) Ca [l Ogja 7.19 11.40 7.33 106° 22' 4.6 3.75—4(?) 

Sir. Not known. 

Chem. Composition constant. 

Phys. Short columns on c axis, perfect (Oil) cleavage, imperfect 
(100) and (110). 

DIVISION B. WITH ADDITIONAL ANIONS OR RADICALS 

1. SALESITE GROUP. Orth., — Pbmn, Z = 4 

a b c p H 

Salesite (cupriohiodite) Cu [lOJ OH 4.79 10.79 6.71 4.8 3.5 

Str. Cu has very distorted octahedral coordination (Chose, 1962 

[356]); two Oand two OH lie in a plane with it (Cu—0 = 2.01, Cu—OH = 1.95), 

while two O lie at a much greater distance (Cu—O = 2.59). These Cu oc- 

tahedra form zigzag chains (Fig. 274) parallel to the c axis, which are 

connected via pyramidal IO3 groups (I—O = 1.78 and 1.82); this is com¬ 

parable with the olivine structure (the analogous Pbmn setting is used). 

Chem. Composition constant, apart from isomorphous (?) Na (<0.6%). 

Phys. Short columns, perfect (110) cleavage. 

Fig. 274. Structure of salesite in projection on: a) (100), b) (001). 
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2. DIETZEITE GROUP. Mon., — P2,/c (?), Z = 4 

a b c p /D H 
Dietzeite (cal cchromati odite) Ca2 [CrO^] [l O, J2 10.18 7.31 14.06 106°32' 3.6 3.75 

Str. Not known. 

Chem. Composition constant. 

Phys. Platy, usually fibrous aggregates; (100) cleavage imperfect. 

DIVISION C. HYDRATED 

1. BELLINGERITE GROUP. Tricl., C\ — P\, Z = 1 

a b c p H 

Bellingerite (cuprihydroiodite) CUg (H20)2 [IOgJe 7.23 7.84 7.94 4.9 4 (?) 

a = 105° 06' p = 96° 57.5' 7 = 92° 55 

Str. Not known. 

Chem. Composition constant. 

Phys. Short columns or tabular, no cleavage observed. 

Subclass 2. Laver 

1. SCHWARZEMBERGITE GROUP. Tetr., Z = 1 

a c p H 
Schwarzembergite (plumoch loriodite) Pb3[l03]0(0H)Cl2 & 3.97 12.54 7.4 2.5_3 

Str. Not known; assigned from morphology, properties, crystallo- 

tallochemical considerations, and on the pyramidal conformation of the 

Pb04 and IO3 polyhedra. The powder pattern of schwarzembergite is very 
similar to that of perite and nadorite (Davis et aL, 1970 [1248]). 

Chem. Pb replaced by Ca (<0.7%), and Cl by SO4 (<0.5%). 

Phys. Tabular, perfect (001) cleavage. 
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Sul)rlass 1. Insular 

DIVISION A. WITHOUT WATKK AM) ADDITIONAL ANIONS 

1. NITKOB ARITE CROl'P. Cul.ic, — P2i3, Z = 4 

a pH 

Nitroborite (barynitrite) Ba [NO3I2 8.13 3 2 3 

Sir. Pb[N03]2 type (p. 73 [176]). 

Ba surrounded by twelve O atoms from 

six different NO3 radicals, whose planes 

of pyramidal bases are parallel to four 

faces of an octahedron (Fig, 275). The 

NO3 radicals are pyramids with height 

h = 0.1 A and with angle O —N—O = 119°. 

Interatomic distances are; Ba—0^2 = 

2.86 (3), 2.94 (3), 2.90 (3), 2.97 (3) 

(Birnstock, 1967 [1249]); N-O3 = 1.22 

(Vegard and Bilberg, 1931 [1055]). 

Cliem. No complete analyses. 

Phys. Isometric, no cleavage, 

2. NITRONATRITE GROUP. Trig., dI^~R3c, Z = 4; 2 

G j-ji a Qj-h 0.' £) H 

Nitronatrite (natronitrite) Na [NO3] 6.49 102° 49' 6.33 47° 15' 2.27 2 

Str. Isostructural with calcite; Na has CN =6 (Fig. 58). Interatomic 

distances Na-Og =2.40;N-O3 = 1-12, 1.22 (2) (p. 360 [553]). It is con¬ 

sidered that the [NO3] radicals rotate around threefold axes. 

Phys. Rhombohedral crystals, perfect (1011) cleavage. 

3. NITROKALITE GROUP. Orth.. dI^—Pcmn, Z = 4 

a b c pH 
Nitrokal ite (kalinitrite) KlNOg] 5.43 9.19 6.46 2.1 1 2 

Sir. Isostructural with aragonite; K has CN = 9 (Figs. 60 and 

264). Interatomic distances: K-Og ~ 2.90; N-O3 = 1.25 (p. 339 [175]). 

Chem. Data inadequate; no modern analyses, but isomorphous com¬ 
ponents are restricted. 

Phys, Short columns; perfect (011) and (010) cleavages, (110) im¬ 
perfect. 

OBa • N O 0 

Fig. 275. Structure of nitrobarite. 
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i. NITRAMMITE GROUP. Orth.. — Pmmn, Z = 2 

Nitrammite (amnitrite) 

a b c p H 

NH4[N03] 5.76 5.46 4.97 1.72 (1.5) 

Str. NH4 (Fig. 276) surrounded 

by twelve O atoms, with eight nearer 

than the other four. Mean interatomic 

distances: NH4 —O42 = 3.14; N—O3 = 

1.24 and 1.26 (2) (Hendricks et al., 

1932 [1057]). 

Cliem. Data inadequate. Very rare, 

because hygroscopic.and very soluble 

in water. 

Phys. Not studied. 

Fig. 276. Structure of nitrammite. 

DIVISION B. WITH ADDITIONAL ANIONS OK RADICALS 

1. GERHARDITE GROUP. Orth. 

Gerhardlte 

(cupriohnitrite) 

Likasite 

(cuphosohnitrite) 

Str. Not known. A synthetic crystal of Cu2[N03](OH)3 revealed dis¬ 

torted sixfold coordination of Cu as Cu02(OH)4 and CuO(OH)5 (Nowacki 

and Scheidegger, 1951 [1058]). Interatomic distances: Cu-02(0H)4 = 

2.35 (2), 2.08 (2), and 2.00 (2); Cu-0(OH)5 =2.18, 2.27, and 2.05 (4); 

N-O3 = 1.21 (p. 322 [1059]). 

Chem. Only minor isomorphous components. 

Phys. Thick tablets, highly perfect (001) cleavage. 

DIVISION C. HYDRATED 

1. NITROMAGNESITE GROUP. Mon.. C\ — P2Jc, Z=2 

a b c ^ P H 

Mg(H20)HN03] 2 6.19 12.71 6,60 92° 59' 1.64 (L5 —2) 

Ca (H20)4 [NOgh — - — - 1.82 (1.5-2) 

Nitromagnesite 

(maghexahynitrite) 

Nitrocal cite 

(cal ctetrahy n itri te) 

S.g. a b c Z p 'H 

CujINOaHOH), Da —P2,2i2, 5.56 6.07 13.71 4 3.4 2 

CuJP04[ [N03]2(0H), Dlh — Pcma 5.79 6.72 21,65 2 3.0 (3) 
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Str. The structure of nitromagnesite consists of Mg(OH)g octahedra 

and NO3 triangles which are bound together by hydroxyl—hydrogen bonds 

(O—OH = 2,75-2o90). Interatomic distances are: Mg-(OH)g = 2.06; N —03 = 

1.20, 1.25, and 1.26 (Braibanti et al., 1967 [1060]). 

Chem. No modern analyses. 

Phys. Solid masses and incrustations; artificial crystals columnar 

on (001), perfect (110) cleavage. 

2. DARAPSKITE GROUP. Mon.. Cj,.—P2/m, Z = 2 

a b c p p U 

Darapskite Na, (HjO) [SO4] [NO3] 10.56 6.91 5.19 102°47' 2.20 3 

(nahy sulnitrite) 

Str. In the darapskite structure there are two types of atom: six- 

and sevenfold coordinated. The mean interatomic distances: Na — Og = 

2.43; Na—07 = 2.47. The SO4 and NO3 polyhedra are regular in form and 

have the normal distances (Sabelli, 1967 [1150]). 

Chem. Isomorphous components almost absent. 

Phys. Tabular on (100), pseudotetragonal, perfect (100) and (010) 
cleavages. 
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Subdivision IL Complex 

1. Tachyhydrite CaMg2(H20)i2Clg group 
2. Carnallite KMg(H20)gCL3 group 

Subclass 2. Insular 

Division A. Without Water and Additional Anions 

1. Rinneite K3Na[FeClg] group 

2. Pseudocotunnite K2[PbCl4] group 

Division B. Hydrated 

1„ Erythrosiderite K2[Fe(H20)Cl5] group 

2. Mitscherlichite K2[Cu(H20)2Cl4l group 

Subclas s 3 . Chain 

1. Calomel (Hg^)Cl2io group 

2. Hydrophilite CaC^io group 

Subclass 4o Layer 

lo Molysite FeClg^ group 

2. Lawrencite FeCl^ group 

3. Matlockite PbClF^ group 

Inadequately Characterized and Doubtful 

Subclass 1. Coordination 

DIVISION A. WITHOUT WATER AND ADDITIONAL ANIONS 

1. COTUNNITE GROUP. Onh. — Pcmn. Z = 4 

a b c d p H 

Cotunnite PbCh 9.05 4.53 7.63 2.99 5.8 3 
(pi umc hiite) 

Sir. Each Pb is surrounded by seven Cl at distances from 2.86 to 

3.08, the next two Cl being at 3.64 (Sahl and Zemann, 1961 [1061]). The 

two types of Cl atom have envionnments of four Pb and five Pb. There 

is some sign of layering parallel to (001) and (100). The Cli may be re¬ 

placed by OH, which gives the hydroxychlorides of the laurionite group. 

Chem. Composition constant. Traces of F and Sb. 

Phys. Varied habit, perfect cleavage on (100). 
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2. NANTOKITE GROUP. Cubic, Z = 4 

(7 p H Cl. 

Nantokite (cu ch1i te) CllCl 5.42 2.34 4,2 2 — 2,5 (110) 

Marshite (cuite) Cul 6,06 2.62 5 6 2 — 2.5 (llii 

Miersite (argi ite) Agl 6.50 2.80 5.8 2 (110) 

Str. Isostructural with sphalerite, CN - 4/4 (Fig. 11). 

Chem. Composition of nantokite constant. The Cu in marshite is 

replaced isomorphously by Ag (up to 1.2% and probably more), while the 

Ag in miersite is replaced by Cu (<5.6%); in both a little I is replaced 

by Cl. 

Var. Ag-marshite, Cu-miersite. 

3. CERARGYRITE GROUP. Cubic, Ol^Fm'iin, Z = 4 

a d ^ H 

Cerargyrite Ag(Br,Cl) 5.79—5.55 2,88—2,77 6,4—5,5 2,5 

Str. Halite type, CN = 6/6 (Fig. 8). 

Chem. Composition varies widely, perfect Cl-Br isomorphism, 

so we have the subspecies bromcerargyrite and chlorcerargyrite. There 

are also isomorphous I (<10.4%) and Hg (<1.8%). 

Var. I-cerargyrite, Hg-cerargyrite. 

4. lODARGYRITE GROUP. Hex., ct^ — P6^mc, Z = 2 

a c d p H ■ 

lodargyrite Agl 4,59 7.50 2.78 5.5 1.5 (0001) perf. 

(hexaargi i te) 

Str. Wurtzite type, CN = 4/4 (Fig. 12). 

Chem. Composition varies to a restricted extent; isomorphous Br 

(<0.8%) and Cl (<0.5%). 

Var. Br-iodargyrite, Cl-lodargyrite. 

5. HALITE GROUP. Cubic, Ol — Em3m, Z = 4 

Halite 

Sy I vi ne 

Chlorocalcite 

(kacalcochl ite) 

a 

5.64 

6.29 

Orth. (?) 

H Cl. 

2 (100) perf 

1.75 (100) perf 

3 perf. (3 dir.) 

NaCl 

KCl 

KCaClj 

d 

2.82 

3.14 

P 

2.17 

1.99 
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Str. NaCl type, CN = 6/6 (Fig. 8). Structure of chlorocalcite not 

known. 

Chem. Halite is of constant composition; up to 0.01% isomorphous 

Br, and very rarely Ag Sylvine contains isomorphous Na (<5.3%) 

and NH4 (<3%). 

Var. Ag-halite, Na-sylvine, NH4-sylvine. 

6. SAL-AMMONIAC GROUP. CuLir, 0^ — PmSm, Z = 1 

a d p H Cl. 

SaUammoniac NH4CI 3,87 3,35 1,53 1,5 (Ill) imperf. 

(amchi ite) 

Str. CsCl type, CN = 8/8 (Fig. 7). 

Chem. Slight variations due to Br (0.12%) and I. 

DIVISION B. HYDRATED 

Subdivision I. Simple 

1. CHLORALUMINITE GROUP. Trig., D"^ — R3c, Z = 2; 6 

“r/. “ “ft % A H 
Chloralominite (alhexahychlite) AI (HjOle CI3 7.87 97° 11.82 1 1.82 1.68 (1.5—21 

Hydromolysite (ferrihexahychIite) Fe (H20)6 CI3 •— — — — (1.98) (4.5) 

Str. Al(H20)g octahedra and triangular groups of Cl atoms alternate 

along the c axis, the CI3 groups being turned through 180° one relative to 

the next, so the surroundings of an A1 octahedron above and below form a 

trigonal antiprism of Cl atoms (total surroundings of A1 octahedron 12 Cl), 

The mean AI-H2O distance is 1.87 (Andress and Carpenter, 1934 [1062]). 

Hydromolysite is probably isostructural with chloraluminite. 

Chem. Data inadequate. 

2. ERIOCHALCITK GROUP. Orth., dI, ^Pbmn.Z = 2 

a b c p H 

Eriochalcite (cuhychl ite) Cu (110)2 Cli 7,39 8.06 3.73 2.55 3 

Str. Molecular, may be assigned to insular type. The molecule con¬ 

sists of Cu surrounded by a square of two Cl and two H2O (Fig. 277). The 

molecules are held together by weak hydroxyl bonds. Interatomic dis¬ 

tances Cu- CI2 =2.31; Cu- (H20)2 =2 .01; H20-H20 = 3.72 (Harker, 1936 [1063]). 
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Chem. Composition constant. 

Phys. Short columns, cleavage on (110) perfect, on (001) moderate. 

3. BISCHOFITE GROUP. Mon^hex. 

S.g. a b c ^ Z p H 

Bischofrte Mg(H20)fiCU Ca/, — C2/m 9.92 7,17 6.11 93° 42' 2 1.59 1.5—2 

(mahexahychlite) 

Antarcticite Ca IH20)e CI2 O3 — P321 7,88 — 3.88 — 1 1.75 1.5 

(cal chexahy ch I i te) 

Str. Submolecular, with distinct Mg(H20)gCl2 groups (Fig. 278). 

The H2O molecules form a regular octahedron around the Mg, while the 

Cl adjoin faces of the octahedron above and below. Six Cl atoms not in 

this group form a ring in a plane perpendicular to the axis of the mole- 

Fig. 278. Structure of bischofite in 

projection on; a) (201), b) a plane 

perpendicular to the previous. 
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cule. Interatomic distances: Mg—(H20)g =2.01 (4) and 2.07 (2); Mg—Clg = 

3.99 (2), 4.61 (4), and 4.81 (2); C1-(H20)8 = 3.22 (2), 3.28 (2), 3.53 (2), 

3.25, and 3.27 (Andress and Gundermann, 1934 [1064]). Antarcticite is 

sublayered on (0001); perpendicular to the c axis lie alternate layers of 

Ca(H20)g octahedra and Cl atoms [543]. 

Chem. Composition largely constant. Bischofite sometimes con¬ 

tains up to 1% isomorphous bromine, while antarcticite contains Mg, Na, 

and K (Torii and Ossaka, 1965 [1065]). 

Phys. Habit of bischofite very variable, no cleavage. Antarcticite 

has not been studied; it has been observed at low temperatures in the 

Antarctic. 

4. HYDROHALITE GROUP. Mon. (?) 

a b c ^ p H 

Hydrohalite Na (H.20).2 Cl — — — — 1.6 1.5—2 

Str. Not known. Formed and stable in brine between +0.15 and 
-21.9°C. 

Subdivision II. Complex 

1. TACHYHYDRITE GROUP. Trig. 

c/a a p H Cl. 

Tachyhydrite CaMga (HaOha Ck 1.76 -78'= 1,66 2—2,5 (lOTl)perf. 
(cal cmahy chi ite) 

Str. Not known. 

Chem. Slight variations due to Cl-Br replacement (<0.2%) and to 
replacement of Mg by Fe^'*' (< 0.1%) and Sr (<0.2%). 

2. CARNALLITE GROUP. Orth., d\,, — Pbnn, Z = 12 

a b c p H Cl. 

Carnallite (kamahexahychlite) KMg (IloO)e CI3 9.60 16.14 22.52 1,50 2.5-3 None 

Sir. Sublayered perpendicular to c axis. Mg surrounded by six 

H2O, and K by six Cl. Interatomic distances: Mg—(H20)g = 2.14 (2), 

2.16 (2), and 2.25 (2); K-Clg =3.39. Space group and cell parameters 
refined from data of Fischer (1965) [1066]. 

Chem. Slight variations, traces of isomorphous Br (5^0.6%) Rb 
(^0.01%), NH4, Cs, and Tl. 
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Subclass 2. Insular 

I. RINNEITE GROUP. Trig., —R3c, Z = 2; 6 

a^h P ^ 

Rinneite (kanafechl ite) K^Na [FeCIg] 8.42 92° 25' 11,89 13.84 2.35 3.5 

Chlormanganokolite (kamanchl ite) K^lMnCl^] 8.48 89° 32' 11.98 14.84 2.31 3 

Str. The minerals are analogous 

in structure (the Na of rinneite is re¬ 

placed by K in chlormanganokalite). 

The Na in rinneite is placed between 

the faces of two adjacent Fe octahedra, 

while the K atoms lie along the sides, 

also in sixfold coordination (Fig. 279). 

The bonds in the Fe(Mn) octahedra are 

3.5-4 times stronger than those in the 

K(Na) octahedra. Interatomic distances 

in rinneite: Fe —Clg = 2.30; Na—Clg = 

3.00; K —Clg = 3.00; in chlormangano¬ 

kalite Mn-Clg = 2.51; K-Clg = 3.14 

(Bellanca, 1948 [1067]). 

Cliem. Up to 0.38% isomorphous 

Na in chlormanganokalite; rinneite con¬ 

tains Mn (0.18%) and Br (0.04%). 

Phys. Isometric crystals (rhombohedra). Moderate cleavage on 

(1120) in rinneite only. 

2. PSEUDOCOTUNNITE GROUP. Orth., oll (?) 

a b c yo H 

Pseudocotunn ite (kapiumch 1 ite) K2(P^Cl4] 11,80 5.77 9.82 (4.0) (3—3.5) 

Str. Not known; parameters given for the artificial compound (Bel¬ 

lanca and Sgarlata, 1952 [1068]). 

Phys. Columnar to tabular (on c axis). Properties not studied. 

DIVISION B. HYDRATED 

1. ERYTHROSIDERITE GROUP. Orth., — Pnma, Z = 4 

a b c p H 

Erythrosiderite (kaferrihychI ite) K2 [Fe®+(H-^O) CI5] 13.78 9.94 6.94 2.32 (3—3.5) 

Douglasite (ka fehy ch I i te) K2 f Fe^+(H20)2 Cl 4J — — — 2.16 (3) 

Fig. 279. Structure of rinneite; the Na is 

replaced by K in chlormanganokalite. 
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Str. Fe^’*’ in erythrosiderite surrounded by an octahedron consisting 

of five Cl and one H2O; these octahedra form a somewhat distorted CaF2 

structure with the K atoms. Interatomic distances in octahedron: 

Fe-Cl5(H20) = 2.40 (3), 2.45 (2), and 2.04 (p. 419 [553]). Douglasite 

(monoclinic) has not been studied. 

Chem. K in erythrosiderite replaced by NH4 (<6.17%). The formula 

of douglasite is doubtful. 

Var. NH4-erythrosiderite. 

Phys. Erythrosiderite isometric to tabular, perfect cleavage on 

(210) and (Oil). 

2. MITSCHERLICHITE GROUP. Tetr., D]^ — P^2/mnm. Z = 2 

a c p H 

Mitscherl i chite K2 [Cu (H>0)2 CI4I 7,46 7.90 2.42 3 
(kacuhychl ite) 

Str. Octahedron of Cu at¬ 

om consists of four Cl atoms 

(forming a distorted square) and 

two H2O placed perpendicular to 

the square (Fig. 280). The K at¬ 

oms link these octahedra togeth¬ 

er and have cubic coordination. 

Interatomic distances in the oc¬ 

tahedron: Cu—(H20)2 = 1.97; 

CU-CI4 = 2.32 (2), and 2.95 (2) 
([175]). 

Chem. Composition constant. 

280. Structure of niitscherlichite. 

Subclass 3. Chain 

1. CALOMEL GROUP. Tetr., — 14/mmm, Z = 4 

a c p H 

Calomel (Hg^jCLjclj 4.46 10.91 7.2 2—2.5 
(merchl i te) 

Str. Consists of double uneven layers (Fig. 281) parallel to (001), but 
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the strength of the Hg-Hg bonds be¬ 

tween these is almost equal to the 

strength of the bonds in the perpendi¬ 

cular (100) direction. There are dis¬ 

tinct chains along the c axis composed 

of Cl—Hg—Hg—Cl links coupled by 

their Hg—Cl ends to form a zigzag 

avoiding the Cl-Cl sections. Hg+ is 

surrounded by five Cl + one Hg. Dis¬ 

tances: Hg-Hg = 2.55; Hg-Cl = 2.57; 
Cl-Cl = 3.30 (p. 237 [175]). 

Chem. Composition variations not 
known. 

Pliys. Columnar to tabular, moder¬ 

ate cleavage on (100). 

Fig. 281. Structure of calomel. 

2. HYDROPHILITE GROUP. Orth., — Pnnm (?), Z = 2. 

a b c p H 

Hydrophilite CaCIacJ, 6,25 6.44 4.21 2.22 (1—2) 

(calechlite) 

Str. Rutile type, slightly deformed. Interatomic distances: Ca—Clg = 

2.67 (2) and 2.76 (4) (p. 146 [525]). AH data are for the artificial compound. 

Phys. Perfect cleavage on (110). 

Subclass 4. Layer 

I. MOLYSITE GROUP. Trig., — Z = 2; 6 

U “ <^h P ^ 
Molysite FeClgcl, 6,70 52°30' 5,93 17,29 3.1 ~1 

(ferri ch 1 ite) 

Str. Fe^”^ surrounded by Cl octahedron (Fig. 282); octahedra linked 

by their edges into layers parallel to (0001), the structure of a layer fol¬ 

lowing the corundum law (with empty octahedra in a hexagonal pattern). 

Mean Fe-Clg =2.17 (Wooster, 1932 [1069]). 

Chem. Not analyzed. 
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Phys. Tabular, perfect cleavage on (0001). 

2. LAWRENCITE GROUP. Trig., Dl^ — R3m, Z= 1; 3 

Cl u rh 
a “/z P H 

Chloromagnesite (machlite) MgCh,!, 6.23 33°30' 3.59 17.56 2.33 ( 1-1.5) 
Scacchite (manchlite) MnCht^ 6.21 34°32' 3.68 17.49 3.1 (1—1.5) 
La wren ci te FeChd) 6 20 33°33.5' 3.60 17.64 3.2 (1—1.5) 

(ferrochlite) 

Sir. CdCl2 type, CN = 6/3; maybe interpreted as cubic close packing 
of Cl, with Fe(Mn, Mg) filling half of the octahedral holes, layer’s of po¬ 

pulated octahodra alternating with layers of empty ones (Fig. 18). This 

sequence of firmly bound triple layers (2C1 + IFe) has a repeat distance 
of four layers. 

Clieiii. Data inadequate; analyses of lawrencite indicate a little Ni. 

Phys. Compact, earthy; artificial compounds are in hexagonal plates 
with perfect cleavage on (0001), 

3. MATLOCKITE GROUP. Tetr., — P4/nmm, Z = 2 

a c p 
PbCIF^ 4.10 7.22 7.1 Matlockite 

(plumchlorflite) 

H 
3-3,5 
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Fig. 283. 

@Po OF Oct 

Str. Layered structure of complex 

layers, in which homoatomic Cl —Pb —F — 

Pb-Cl layers alternate along the c axis 

(Fig, 283); Pb has CN = 9, with four F on 

one side and five Cl on the other, the fifth 

Cl atom being further away (along the c 

axis) than the other four and being respon¬ 

sible for the weakest bonds between layers. 

Interatomic distances; Pb-F4 = 2.52; Pb- 

Clg = 3.07 (4) and 3.21 (1) (Nieuwenkamp 

and Bijvoet, 1931 [10701), 

Chem. Composition constant, 

Phys. Tabular, perfect (001) cleavage. 

Structure of matlockite; layers of five-atom composition 

linked together by weak Pb—Cl bonds. 

Inadequately Characterized and Doubtful 

Almeraite KNaMgCl4 "HgO 

Coccinite Hgl (?) 

Nickhydrochlite Ni(H2O)0Cl2 (?) 

Tocornalite (Ag, Hg)I (?) 
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Subclas S3. Chain 

Division A. Without Water and Additional Anions 

Subdivision I. Simple 

1. Mendipite Pb302Cl2^ group 

2. Terlinguaite Hg+Hg^+OCl^ group 

Subdivision 11. Complex 

1. Prosopite CaAl2(OH)4F4j^ group 

Division B. Hydrated 

1. Gearksutite CaAl(H20)(0H)F4cogroup 

Subclass 4 . Layer 

Division A. Simple 

1. Bismoclite BiOCl^ group 

2. Blixite Pb403Cl2TO group 

3. Penfieldite Pb20HCl3^ group 

4. Laurionite Pb(OH)Cl^ group 

Division B. Complex 

1. Hematophanite Pb5Fe40io(OH)Cl^ group 

2. Nadorite PbSb02Cl^ group 

3. Ekdemite PbgAs207Cl4^ group 

4. Diaboleite Pb2Cu(OH)4Cl2^ group 

5. Koenenite Na4Ca2Mg7Al4(OH)22Cli2^ group 

Division C. With Water and Additional Radicals 

1. Creedite Ca3Al2(H20)2[S04](0H)2F8^ group 

2. Tikhonenkovite SrAl(H20)(OH)F4^ group 

Inadequately Characterized and Doubtful 
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Subclass 1. Coordination 

DIVISION A. WITHOUT WATER AND ADDITIONAL ANTONS 

Subdivision I. Simple 

1. ATACAMITE GROUP. Orth.—trig.^mon. 

Atacamite CuoCOHisCl r)l6 
^2/1 

S.g. 

— Pnam 

a 

6.02 

b 

9.15 
c 

6.85 

Z 

4 
P 

3.8 

H 

3.5—3.75 

Paratacamite 
(trigoatacamite) 

CuAOHlaCl n5 — /?3m 13.68 — 13.98 — 24 3.7 3.5 

Botallackite 
(clinoatocamite) 

Cu2{OH)3C1 CIh - P2,/m 5.63 6.12 5.71 92^45' 2 3.6 (3.25) 

Kempite MnAOHjaCI —Pmmm (?) — — — — — 2.94 ~3.5 

Str. Atacamite has been studied 

in detail. The centers of the OH and of 

the Cl lie in cubic close packing. The 

sixfold coordination is of two t\'pes: four 

OH + two Cl and five OH + one Cl (Fig. 

284). Interatomic distances: Cu—(OH)4 

CI2 = 2.00 (2), 2,04 (2), and 2.76 (2); Cu- 

(0H)5C1 = 1.94 (2), 207 (2), 2.36, and 

2.75 (Wells, 1949 [1071]), Paratacamite 

and botallackite have structures similar 

to that of atacamite but less stable (Em- 

brey, 1957 [1072]), 

Chem. Composition constant. 

Fig. 284. Structure of atacamite (general 

view). 
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Str. Hg2 pairs and Cl atoms lie as in Pt304, while the O atoms lie 

on two sides of each Hg2 at sites that are vacant in Pt304 (Fig. 285). Part 

(up to 0.5) of the Cl is replaced by O, leaving vacant positions (Hedlik, 
1950 [1073]). 

Subdivision II. Complex 

1. ZIRKLERITE GROUP. Trig. (?) 

Q/j Ch P H Cl. 

Zirklerite Fe2A10(0H)Cl4 (?) — — ~2,6 ~3,5_4 (loll) 

Str. Not known, assigned to isodesmic from properties. 

Clieni. Composition needs verification; Fe^^ replaced by Mg and Ca. 

2. JAHRLITE GROUP. Mon. 

S.g, a b c ^ Z p H 

Johrlite NaSr.,Al2(OH)Fi(, —C2/m(?) 16,02 10.84 7,25 101°49' 6 3.6 4—5 
(nostralohfl ite) 

Str. Not known, but judged isodesmic from the high hardness. 

Chem. The Na and Sr are replaced by Ca (3.2%) and Ba (2.25%), and 

Al is replaced by Mg (1.38%). 

Phys. Tabular; cleavage, none observed. 

3. BOLEITE GROUP. Cubic^tetr. , s.g. not det. 

s.g. a c z P H 

P ercy 1 ite AgPb3Cu,(OH)„Cb (?) 15.4 — 9 5.3 3.5—3.75 
Boleite AgPb3Cu3(OH)oCl, (?) D\l—l4/mmm 

Not det. 

15.27 60.94 36 5.1 3.5 
Pseudoboleite Pb,Cu4(OH)8Clio ■ 2H2O 15.4 31.2 12 4.9 3 
Cumengeite PbCu(OH)2Cl2 (?) D\},—14/ mmm 15.20 24.76 40 4.7 3 

Bideouxite AgPb2(OH)Cl3F Oj^-~-Fd3m 14.13 — 16 6.3 3.5 

Str. Known only for boleite (Fig. 286), where Pb has CN = 9 (three 

types of environment), Ag has CN = 8 (distorted), and Cu has CN-6, The 

stronger dsp^ bond of the Cu in a square with two Cl and two OH allows 

us to distinguish [Cu(OH)Cl]24 pseudomolecules and [Cu(OH)Clloo pseudo¬ 

chains (Ito, 1950 [748]). Interatomic distances: Pbi-OHClg =3.52 (1), 

3.02 (4), 3.20 (4); Pbn-(OH)3Cle = 3.65 (2), 3.14 (1), 3.19 (2), 3.36 (4); 

Pbin-(OH)3Clg = 3.52 (2), 2.97 (1), 3.02 f2), 3.29 (4); Ag-(OH)4Cl4 = 

1.95 (3), 3.71 (1), 2.94 (3), 3.71 (1); Cu-(OH)2Cl4 = 1.95 (2), 2.40 (2), 2.61, 

and 2.64. 
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Fig. 286. Structure of boleite showing coordination of Ag, Cu, and Pb. 

The similarity of the a parameters and the multiplicity of the c 

parameters show that the other minerals have structures close to that of 

boleite. 

Chem. Compositions need fresh careful study. Replacement of Cu 

and Pb (?) by Ag has been reported, and of Cl by OH. In bideauxite the ratio 

F :OH = l :1 (Williams, 1970 [1251]). 

Phys. Isometric or short columns (cumengeite), cleavage in two 

or three directions. 

DIVISION B. WITH WATER AND ADDITIONAL RADICALS 

1. TRUDELLITE GROUP. Trig. (?) 

“/! Cl, ^ H 

Trudellite AI,„[S04lalOHIijCha • SOH.O (?) — — 1.93 3 

Sir. Not known. Symmetry deduced from rhombohedral cleavage. 

2. CONNEI.ITE GROUP. Hex., — P&Jmmc (?), Z = 2 

Conn el i te Cui„|S04|(0H)4.,Cl4 • 'IHoO 
a 

15.85 

c 

9.16 
P 

3.4 
Buttgenbachite Cu,„[NO,1.(OH).,2CU ■ 2HoO 15,85 9,16 3.4 
Arzrunite Pb2Cu4lS04|(0H)4Cl„ • 2H.,0 — — — 

Sir. Not known; but it is clear that connelite and buttgenbachite 

are isostructural. Arzrunite (orth., pseudohex.) has not been examined. 

The habit indicates that the first two minerals may be of chain type. 
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Chem. Connelite and buttgenbachite are of constant composition. 
Arzrunite has Cu replaced by Zn and Pb by Ca. 

Phys. Needles to prisms of connelite and buttgenbachite, no cleavage. 

Subclass 2. Framework 

1. RALSTONITE GROUP. Cubic., 0^ — Fd3m, Z = 8 

a p H Cl. 

Ralstonite (alohflite) Al2(OH)2F4 H.20(x) 9.91 2.52 4—4.5 (lll)imperf. 

Str. Similar to that of pyrochlore (Pabst, 1939 [1074]), but not 

identical, as is implied by the chemical composition. The framework 

consists of Al(OH, F) octahedra. The H2O lies in large holes and is of 

zeolite type; Na (CN = 12) also lies in these holes and serves to balance 

the negative charge when A1 is partly replaced by Mg; Al —(OH, F)g « 

1.85 (Cowley and Scott, 1948 [1075]). 

Chem. Requires further study; varies as a result of replacement 

of Al by Mg + Na, the Al:Mg ratio varying from 6:1 (Stepanov and Moleva, 

1962 [1076]) to 3:2 (Pauly, 1965 [1077]). The full (dynamic) formula is 

NaxMgxAl2_x(OH, F)g • H20^. 

Subclass 3. Chain 

DIVISION A. WITHOUT WATER AND ADDITIONAL ANIONS 

Subdivision I. Sinijjlc 

1. MENDIPITE GROUP. Orth., — P2i2i2i, Z=4 

a b c p y\ 

Mendipite (triplumochl ite) Pb302Cl2 ^ 9,52 11.95 5,87 7,2 3 

Str. Pb has three types of coordination: Pbj, distorted trigonal 

prism consisting of two O and four Cl; Pbjp four O and three Cl; and 

Pbjjj, two O and five Cl. The chain pattern arises from the strong Pb-0 

bond,the paired OPb4 tetrahedra being linked by their edges into chains 

along the c axis (Fig. 287). Interatomic distances: Pbi-02Cl4 =2.33 (2), 

3.12, 3.25 (2), 3.44; Pbjj-04Cl3 = 2.33 (4), 2.95, 3.44 (2); Pbni-02Cl5 = 

2.33, 2.93 (2), 3.02, 3.21 (2) (Gabrielson, 1958 [1078]). 



652 IV. HALIDES 

b = 11.95 

Fig. 287. Structure of mendipite in projection on (001). 

Chem. Composition constant. 

Phys. Habit not examined; perfect cleavage on (110), moderate on 
(100) and (010). 

2. TERLING.UAITE GROUP. Mon., C2/c, Z = 8 

a b c ^ p H 

Terlinguaite Hg+Hg^+OCI cj, 19.53 5.92 9.48 144° 8.7 2.5—3,5 
(mermeriochl i te) 

Str. Zigzag ...Hg-Q-Hg-O-Hg... chains run along the c axis (Fig. 

288). The plane of the chain is (lOl), parallel to which lies the cleavage, 

so we may say that we have a sublayered chain structure, as in HgO. Pa¬ 

rallel to the ...Hg-O-Hg... chains lie Hg2Cl2 chains. Interatomic distances 

Hg-02 = 2.03; Hg-Cl2 =2.57 (Scavnicar, 1956 [1079]). 

Chem. Composition constant. 

_ Phys. Columnar, elongated on b axis, isometric, perfect cleavage 
on (101). 

a 

QHg'%Hq *O0 QC( 

Fig. 288, Structure of terlinguaite in pro¬ 

jection on (001) showing Hg —O—Cl 

chains. 
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Subdivision II. Complex 

1. PROSOPITE GROUP. Mon. 

S.g. a b c Z p H 

Prosopite CaAl2(OH).,F^ci 0^;^—C2/c 6.76 11.12 7.32 95°00 4 2.89 5 
(calcalohfl ite) 

Str. The AlF2(OH)4 octahedra are bound to each other by OH-edges 

and form the chains along [101]. The chains are connected by Ca ions in 

eightfold coordination. The F and OH are distributed in the structure in 

strict, regular order. The interatomic distances are: Ali-F2(OH)4 = 

1.82(2), 1.89(2), 1.93(2); Al2-F2(OH)4 = 1.83(2), 1.87(2), 1.91(2); Ca-Fg(OH)2 

2.29(2), 2.36(2), 2.39(2), 2,58(2)(Pudovkina and Pyatenko, 1970 [1249] 

(Giacovazzo and Menchetti, 1969 [1250]). 

Chem. The Ca are replaced by Na (0,5%) and Mg (0.2%). 

Phys. Tabular; cleavage on (111) perfect. 

DIVISION B. HYDRATED 

1. GEARKSUTITE GROUP. Mon., s.g. not det. 

a b c fl Z H 

Gearksutite CaAl(H20)(0H)F4 — — — — — 2.78 (4) 
(calcalhyohfl ite) 

Str. Not known; assigned only on basis of needle habit, which is 

inadequate. 

Chem. Composition fairly constant. 

Phys. Cryptocrystalline aggregates revealed by electron micro¬ 

scopy to consist of laths. 

Subclass 4. Layer 

DIVISION A. SIMPLE 

1. BISMOCHLITE GROUP. Tetr., — P^l nmm Z = 2 

8i smocl ite 

Zavaritskite 

(bismoflite) 

a c H Cl. 

BiOCl<|, 3.90 7.38 7.4 2.5—3 (001) perf. 

BiOFc^ 3.75 6.23 7.9 (3—3,5) (001) perf. 
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Str. Isostructural with matlockite (Fig. 283), with the Pb positions 

taken by Bi and the F or Cl positions by O. Interatomic distances: Bi—04= 

2.31;Bi-Cl5 =3.49 (Sillen, 1941 [1080]). 

Chein. The Cl in bismoclite is replaced by OH up to 1:1. 

Var. OH-bismoclite. 

Phys. Artificial crystals tabular, perfect cleavage on (001). 

2. BLIXITE GROUP. Ortli.—leti. 

S.g. a b C z P H 

B1ixite P54O3CI2 <x> Not det. 5.83 5,69 25.17 4 7.4 3.5 (?) 

Lorettoi te Pb70eCl2 4> Tetr. — — — — 7.7 3 

Lead oxyfluori de (plumoflite) Pb.20F2cl) Dlj — P4m2 8,16 — 5,72 4 8.2 (4) 

Str. Known for synthetic Pb20F2, which is close to that of mat- 

lockite; the rest assigned from morphology, cleavage, and close crys- 

tallochemical resemblance to nadorite and ekdemite. Interatomic dis¬ 

tances in lead oxyfluoride: Pb-F4 = 2.33 (2) and 2,68 (2); Pb-04 = 

2.30 (2) and 2.52 (2) (Bystrbm, 1947 [1081]), 

Chem, Requires further study, 

Phys, Platy habit in lorettoite and lead oxyfluoride; perfect cleav¬ 
age in one direction. 

3. PENFIELDITE GROUP. Hex., Clf,—P6 'mr) 

a c 2 p H 
Penfieldite (diplumohchlite) PbjOHClj^ 11.28 48.65 40 6.8 (3.5) 

Str, Not known; assigned from crystallochemical arguments. New 
cell parameters (Cesbron and Schubnel, 1968 [1165]). 

Chem. Composition variously treated in accordance with differing 
analyses; further study needed. 

Phys. Columnar to tabular, moderate cleavage on (0001). 

l. LAUHIONITE GROUP. Oi lli.—mon.-‘tricl. 

Lau rion i te 

(plumohchlife) 

Paralourionite 
(clinoplumohchlite) 

Fi edieri te 

(triplumohchl ite) 

Onorofoite 
(stibochl ite) 

S.g. a 

Pb(OH)Clc|, D - Pernn 9.62 

Pb(OH)Cl<|, ^2/1“ -C2/m 10,79 

Pb3(OH)2Cl4^ ^2/1 - - P2,/a 16.62 

be ? Z p H 

4.03 7.12 — 4 6.3 3.5—3.75 

3,98 7,19 117'’13' 4 6,3 ~2 

8,02 7.20 102°12' 4 5,6 ~3,5 

Sb,0,.Cl2~ c‘—pT 18.92 4.03 10.31 110° 
a = -90° y = - 90° 

4 5.5 
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Str. The minerals are similar in structure, as is clear from the 

relationship between the cell parameters; laurionite is similar to mat- 

lockite (Fig, 283) and to cotunnite, being derived from the latter by re¬ 

placing all Clj by OH, which increases the bond anisotropy, especially 

along the c axis, though the effect is clear only in paralaurionite. The 

interatomic distances in laurionite are Pb-(OH)4 =2.85; Pb-Clg =3.23 
(Brasseur, 1940 [1082]). 

Chem. Composition constant. 

Phys. Tabular (on a axis) or flat (elongated on b axis); moderate 

cleavage on (101) in laurionite and on (100) in fiedlerite; perfect cleavage 

on (001) in paralaurionite. Onoratoite is needlelike; cleavage is not 
observed [1252]. 

DIVISION B. COMPLEX 

1. HEMATOPHANITE GROUP. Teir., d]/, — /4/mmm , Z = 3 

a c p H 

Hematophanite PbsFeiOiolOHlCl cxj 7.82 15.26 7.7 2—3 

Str. Not loiown; assigned from morphology and properties. 

Chem. Traces of Ca, Mn, Fe^'^, and Mg. See also [1410]. 

Phys. Tabular, perfect cleavage on (001). 

2. NADORITE GROUP. Orth., D,” — Bmmb, Z = 4 

Nadorite (p I um st i boch I i te) PbSbO.jClOT 

Perite (pi umbisochI i te) PbBiOaCI ot 

a b c 

5.60 5.44 12,22 

5.62 5.57 12.43 

P H 

7.0 3.5—4 

8.2 3.5 

Fig. 289. Structure of nadorite; a) general view, b) PbSb02 layer with fourfold 

pyramidal coordination of Pb and Sb. 



656 IV. HALIDES 

Str. Isostructural; nadorite has a layered structure as in litharge, 

Pb and Sb having fourfold pyramidal coordination, with layers of Cl atoms 

parallel to (001) (Fig. 289); CN = 8 for Pb and Sb (four O + four Cl). Inter¬ 

atomic distances: Pb—O4CI4 = 2.44 (4) and 3.18 (4); Sb—O4CI4 =2.17 (4), 

3.39 (2), and 3.54 (2) (Sillen and Melander, 1941 [1083]); in perite 

Pb-04Cl4 = 2.45 (4), 3.30 (2), and 3.25 (2); Bi-04Cl4 = 2.27 (4), 3.45 (2), 

and 3.42 (2) (Gillberg, 1961 [1084]). 

Chem. No substantial isomorphous components. 

Phys. Tabular, (001) cleavage perfect. 

3. EKDEMITE GROUF'. Tetr.^orth. 

Ekdemite 

Heliophyllite 
(orthockdemi te) 

Ochrol ite 

S.g. a b c Z P H 

Pb^AsaO^Chcl. Not det. 10.8 — 25.6 8 7.1 2.5—3,5 

Pb6As20,Cl4(|, Not det. 10.8 10.8 25.6 8 6.9 2,5—3.5 

PbeSb20,Cl4cl, Orth. — — — — — 3.5 

Str. The first two minerals are very similar (Sillen and Melander, 

1941 [1083]); their structure, like that of nadorite, is layered, and is probably 

defective (Strunz, 1942 [1085]); some of the As positions should be taken by Pb, 

with reduction in the number of O atoms. In the ideal case, the transition 

from the nadorite structure to the ekdemite one is represented by 

Pb4As408Cl4 — Pb0As2O7Cl4. Any further increase in the number of Pb 

atoms in the structure can occur only by reduction in the number of As, 

which ultimately gives us the structure of blixite: PbgAs207Cl4-^PbgOgC^. 

Chem. Pb:As ratio varies; also. As is replaced by Sb (<1.15%) 

and Pb by Ca and Mn (<0.5%). Ochrol ite is probably identical with 
nadorite [154]. 

Phys. Tabular and platy, perfect cleavage on (001). 

t. DIABOLEITE GROUP. Tetr.^nion. 

S.g. a be P Z p H 

Diaboleite PbaCu (OH)4 Cljd, —Pimm 5.87 — 5.49 — 1 5.4 3 

Chloroxiphite Pb3Cu02(0H)2Cl2c^ — P2i'm 10.36 5.74 6.53 97° 11' 2 6.9 3 

Sir. Known only for diaboleite (Fig, 290). Layers produced by 

stronger Pb—OH and Cu —OH bonds in layers, as compared with weaker 

Cl—OH ones between layers. Pb is surrounded by four OH and four Cl in 

the form of a twisted cube (OH square at 45° to Cl square), while Cu has 

an octahedron of four OH and two Cl (OH square placed equatorially). In¬ 

teratomic distances: Pb-(OH)4Cl4= 2.57 (4), 3.01 (2), and 3.18 (2); 
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Fig. 290. Structure of diaboleite showing 

layers parallel to (001). 

Cu-(OH)4Cl2 = 2.07 (4) and 2,75 (2) 

(Bystrdm and Wilheimi, 1950 [1086]). 

Chloroxiphite has a and b similar to 

diaboleite, but the c of the two differ. 

Direct evidence for the structural si¬ 

milarity is required. 

Chem. Compositions constant, 

Phys. Diaboleite is platy, while 

chloroxiphite is tabular; cleavage per¬ 

fect on (001) for the first, on (101) for 

the second. 

KOENENITE GROUP. Trig. 

S.g. ah Ch Z. p H 

Koenenite Na^CaaMg^A^ (OH )22 Cl,2D\^~PSml — 32,64 — 2,15 1—2 

Str. Consists of alternating double layers of composition 

[Mg,Al4(OH)22l^ + and [Na4Ca2Cli2f , which differ in cell parameters; the 
first has = 3,05, cj^ = 10.88, while the second has = 4.07, c^ = 32.64 

(Lohse et al., 1963 [1087]). The mean distances of Me —Cl and Me—OH 

are correspondingly 2.79 and 2.02; distances between layers: Cl—Cl= 3,02, 

OH-OH = 1.99 and Cl-OH = 2.94 (Allmann et al., 1968 [1253]). 

Chem. Isomorphism between Na, Ca, Mg, and Sr; Cl replaced by 

Br (<0.05%). 

Phys. Varied habit, columnar to acicular (acute scalenohedra) and 

tabular, (0001) cleavage perfect. 

DIVISION C. WITH W.4TER AND ADDITIONAL RADICALS 

1. CREEDITE GROUP. Mon.. C2;i-C2/c, Z = 4 

a b c ^ p H 

Creedite CajAlj (HjO)^ [soj (OHljEj & 14.03 8.51 9.93 94°30' 2.74 3.75-4 
(calcalhysulohflite) 

Str. Al octahedra combined with SCq tetrahedra and Ca polyhedra 

(CN = 8), the last being twisted cubes in two types of position. Ca^ is linked 

via edges to paired Al octahedra giving compact heterogeneous layers 

parallel to (100), which are linked by fairly widely spaced bonds to SO4 
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tetrahedra (at vertices) and Ca2 polyhedra. Interatomic distances: Ca^- 

0F5(0H)H20 = 2.46; 2.35 (5); 2.53 (2); Ca2-02F4(H20)2 = 2.59 (2); 2.30 (4); 

2.60 (2); A1-F4(0H)2 - 1.79 (4); 1.88 (2); S-O4 = 1.46 (2); 1.47 (2) (Borisov 

and Brusentsov, 1964 [10881). 

Phys. Columnar, perfect (100) cleavage, (110) moderate. 

2. TIK.HONENKO\ ITi; (.ROl I*. Onh.^tnoti. 

S.g. a b c Z p H 

Jaroslovite CajAH (H^O) (OH)2F lo Not det. 8.76 5.54 4.52 — 1 3.2 4-4.5 
(tricolcalhyohfllte) 

Tikhonenkovite SrAl (H^O) (OH)F4 Clff-P2/c 5.02 10.62 8.73 102'’43' 4 3.3 3.75 
(stralhyohflite) 

Str. Tikhonenkovite has heterogeneous layers of AlF4(OH)2 octa- 

hedra (OH groups on a common edge) and Sr polyhedra (CN = 9, trigonal 

prism with pyramids on each four-cornered face), which are linked via 

edges and vertices (Fig. 291a). These layers are parallel to (100) and 

are linked via rather widely spaced and weak Sr—F and Sr—H2O bonds 

(Fig. 291b). Mean interatomic distances: Al —F4(OH)2 = 1.82 (4); 1.87 (2); 

Sr—Fg(0H)(H20)2 = 2.52 (6); 3.03; 2.70 (2) (Pudovkina and Pyatenko, 1967 

[1089]). Jaroslavite may not belong to this group (Novikova et al., 1966 

[1090]). 

Cliem. Ca in jaroslavite is replaced by Na and Mg; Sr in tikhonen¬ 

kovite is replaced by Ca (<1%). 

Phys. Perfect (001) cleavage for jaroslavite, (100) for tikhonenko¬ 

vite. 

Fig. 291. Structure of tikhonenkovite; a)Al-Ca layer in projection on 

(100), b) mode of linking of two adjacent layers. 
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Inadequately Characterized and Doubtful 

Cadwaladerite Al(OH)2Cl • 4H2O 

Hemimorphite (Pb oxychloride) 

Hydromelanothallite Cu2(OH)2Cl2 • H2O (?) 

Melanothallite Cu(OH)Cl (?) 
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Division B. Complex 

1. Gagarinite NaCaYFg group 

Subclass 2. Framework 

Division A. Without Water and Additional Anions 

1. Neighborite Na[MgF3]^ group 

2. Elpasolite K2[NaAlFgl^ group 

3. Cryolithionite Na3[Li3Al2Fi2l^ group 

Division B. With Water and Additional Anions 

1. Chukhrovite Ca3YAl2(H20)io[S04]Fi3f^ group 

2. Thomsenolite Na[Ca(H20)AlFg]^ group 
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Subclass 3. Insular 

Division A. Without Water and Additional Anions 

1. Hieratite K2[SiFg] group 

2. Avogadrite KPBF4] group 

Division B. With Additional Radicals 

1. Stenonite Sr2Al(C03)F5 group 

Subclass 4. Chain 

1. Sellaite MgF2io group 

2. Cryolite Na2[NaAlFg]^ group 

Subclass 5. Layer 

1. Tysonite CeFg^ group 

2. Weberite Na2[MgAlF7]^ group 

3. Chiolite Na4[NaAl3Fi4]^ group 

4. Malladrite Na2[SiFg]|5 group 

Inadequately Characterized and Doubtful 

Subclass 1. Coordination 

DIVISION A. SIMPLE 

I. FLUORITE GROUP. Cubic., Ol — Fm3m,Z = 4 
h 

a d p H Cl. 

Fluorite (colcflite) CaFj 5.46 2,36 3,18 4 (111) perl. 

Str. Fluorite type, CN = 8/4 (Fig. 15), 

Chem. Composition usually constant, the main changes being due to 

isomorphous Y and Ce, which range up to (Y, Ce):Ca = 1:6. This gives rise 

to a defect structure represented by Ca4_xY2^x^^2’ with slight alteration 

in the lattice parameters. 

Var. Y-fluorite, Ce-fluorite. 

2. VILLIAUMITE GROUP. Cubic, 0\ — Fm'im,Z=4 

a d /O H Cl. 

Vi 11 i aum i te (noflite) NaF 4,63 2,31 2,79 2,5 ( 100) perf. 
Carobbiite (kaflite) KF 5.40 2.66 2.51 (1.75) (100) 
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Str. Halite type, CN = 6/6 (Fig. 8). 

Cheni. No substantial variations, only traces of K (<0,32%), Ca 

(<1.2%), and Mg. The K in carobbite is partly replaced by Na, and F 
by CL 

DIVI.SION B. COMPLKX 

1. (lADAHINITE GROUP. Trig., C3 P3, Z = 

Gagarinite (nacalcy fl ite) NaCaYF. 5.99 
'-h 

3.5,^ 

p 

4.5 

H 

4—4.5 

Fig. 292. Structure of gagarinite 

in projection on (0001). 

Str. The NaF0 octahedra (Fig. 292) 

are linked to CaFg and YFg polyhedra 

(trigonal prisms with pyramidal faces), 

the latter being linked via their triangu¬ 

lar bases and forming columns along the 

caxis. TheNaFg octahedra lie along this 

direction but alternate with empty octa¬ 

hedra. The different octahedra are link¬ 

ed by edges. Interatomic distances: Na — 

Feg = 2.33; (Ca, Y)-Fg = 2.30 (3) and 2.39 

(6) (Voronkov et al., 1962 [1091]). 

Chem. Ca: Y ratio varies with Y—Ca 

replacement as in 2Ca —Y + Na. The F is replaced by Cl (<3.79%) and OH 

(<2%). The TR (replacing Y) have the composition Dy, Er, Gd, Nd, Ce, Yh, 

Sm, Ho, Pr, Tb, La, Tu, Lu, Eu. 

Phys. Short columns, perfect cleavage on (1010). 

Subclass 2. Framework 

DIVISION .4. W ITHOUT W ATFH AM) ADDITION\I, VMONS 

1. NEIGHROHITE group. Orlli.. D,]" - Ptvnn, Z-= 4 

a b c p H Cl. 

Neighborite (namaflite) Na(MgF,,)(|, 5,36 7,68 5,50 3,0 3 None 

Sir. Perovskite type. MgFg octahedra linked by vertices into a 

framework (Fig. 293), with Na in holes, CN = 12 (Chaoetal., 1961 [1092]). 
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Fig. 293. Structure of neigliborite; 

framework of MgFg octahedra, the 

Na (large circles) lying in holes. 

Chem. Data inadequate. 

2. ELPASOLITE GROUP. Cubic., T\ — Pa3, Z = 4 

a p H Cl. 

Elpasolite (kanalflite) K2 [NaAlFg] (» 8,11 3,0 3 None 

Str. Framework of AlFg octahedra (at 

vertices and face centers of cubic cell) altern¬ 

ating with NaFg ones (at center and at middle 

of edges). The K(CN = 12) atoms lie at the 

centers of eight small cubes (Fig. 294). 

Fig. 294. Structure of elpasolite, with AlFg and NaFg octahedra 

linked into a single framework. 

3. CRYOLITHIONITE GROUP. Cubic, 0]° — Ia3d, Z = 8 

a p H Cl. 

CryoI i th ionite Na3 [LI3AI2F12] 12,16 2.77 3 3.5 (110) perf. 

(nal ia 1 f I i te) 

Str. Garnet type. AlFg octahedra linked via common vertices to 

LiF4 tetrahedra to form a framework whose holes contain Na (CN = 8). 

Bonds in framework polyhedra appreciably stronger than those in NaFg 

polyhedra. Interatomic distances: Na—Fg = 2.35 (4) and 2.54 (4); Li—F4 = 

1.85; Al—Fg = 1.81 (Menzer, 1930 [1093]; Geller, 1971 [1408]). 
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DIVISION B. WITH WATER AND ADDITIONAL ANTONS 

1. CHUKHROVITE (IROUP. Cul.ic., T! — Fd3, Z = 8 n 

a p H 

Chukhrovite Ca^YAIj (HoOIio [SO4] Fjg d) 16,80 2.34 3.5 
(calcy talhy fl i te) 

Str. The framework consists of A1 and 

(Ca, Y) octahedra linked via vertices (Fig. 

295). The large holes contain the SO4 radi¬ 

cals, which are linked to the H2O vertices of 

adjacent polyhedra by hydrogen bonds. The 

Ca and Y should be randomly distributed over 

the octahedral positions. Interatomic dis¬ 

tances: (Ca, Y)-(H20)3F3 = 2.48 (3) and2.29 

(3); Al—Fg = 1.85; S —O4 = 1.48 (Bokii and 

Gorogotskaya, 1965 [1094]). 
Fig. 295. Structure of chukhrovite 

represented in polyhedra. 4^1 ^ 1 , 
Chem. Ca and Y have an isomorphous 

relation; Y also is replaced by Ce, Nd, Sn, Gd, and other TR. 

Phys. Isometric, (111) cleavage imperfect. 

2. THOMSENOLITE GROUP. Mon. 

S-g- a b c (3 Z p h 

Thomsenolite (nacalchyal fl ite) C\^P2^/c 5.58 5.51 16.13 96026' 4 
Na[Ca (HjOIAIfJ (i 

Pochnolite (poranacoIchyaIfIite) C2*~A2/a 9.92 10.43 15.72 142°16' 8 

Na[ca(H20)AlFj 

Str. Known fully for thomsenolite, which has a framework of Al oc¬ 

tahedra and Ca polyhedra (CN = 8) linked via common F vertices. Four 

Ca-F bonds (to four adjacent Al octahedra) lie in a plane parallel to (001), 

while two others and two Ca-HjO bonds are nearly perpendicular to this, 

so there are clear sublayers, which correspond to the perfect cleavage. ’ 

Na has CN = 8 (trigonal prism with two pyramids on the side faces) and 

lies between the sublayers, sharing edges with Al and Ca polyhedra, the 

latter being linked together via H2O molecules into chains. Pachnolite 

has not been studied in detail; there are AlFg octahedra, Ca~Fg(HoO) 

polyhedra, and Na with CN = 12 (Gerhard, 1966). hiteratomic distancL 

in thomsenolite: Na Fg = 2.32-2.65 (mean = 2.46); Ca-Fg(H20) = 2 29- 

2.46 (mean = 2.36); 2.50 (2); Al-Fg = 1.77-1.82 (mean = 1.80) (Cocco et 
al., 1967 [1095]). 

2.98 2.5-3 

2.97 3.5 
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Phys. Columnar to tabular; cleavage of thomsenolite on (001) per¬ 

fect, on (110) moderate. No cleavage reported for pachnolite. 

Subclass 3. Insular 

DIVISION A. WITHOUT WATER AND ADDITIONAL ANIONS 

1. HIERATITE GROUP. Cubic, 0. — Fmim, Z = 4 

Hieratite (kasiflite) K2[SiF8] 

Cryptohalite (amsiflite) (NH4)2[SiFj 

a 

8,19 
8,35 

^ H 
2.66 3 
2.02 3 

Cl. 
(Ill) perf. 
(Ml) perf. 

Str. K2PtCle or antifluorite type, 

with K or NH4 taking the F positions 

and SiFg the Ca positions (Fig. 296); 

CN for K (NH4) or 12 F. Interatomic 

distances: K—F42 = 2.90; Si—Fg = 1.75; 

NH4-F42 = 2.97; Si-Fg = 1.71 (p. 121 

[177]). 

Fig. 296. Structure of cryptohalite, with insular SiFg 

octahedra, between which lie the ammonium ions. 

2. AVOGADRITE GROUP. Orth., Z = 4 

S.g. a b c p H 

Ferruccite Na [BF4I DH — Ccmm 6.26 6.83 6.78 2.50 ~3.5 
(nabofi ite) 

Avogadrite K (BF4J Pnma 8.10 5.18 6,64 2,51 (3) 

(kabofi ite) 

Str. Ferruccite is isostructural with anhydrite (Fig. 254); each Na 

is surrounded by eight F. Avogadrite is isostructural with baryte (Fig. 

255); each K is surrounded by twelve F. Interatomic distances in ferruccite 

B-F4 = 1.4l;Na-F8 =2.18-2.20 (Bellanca, 1948 [1067]); in avogadrite 

B-F4 = 1.29, 1.39 (2), and 1.53; K-F12 ~ 2.8 (Bellanca and Sgarlata, 1950 

[1096]). 

Chem. Ferruccite contains K(<3%); avogadrite has K replaced by 

Cs (<18%). 

Var. Cs-avogadrite. 
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DIVISION B. WITH ADDITIONAL RADICALS 

I. STENONITE GKOUP. Mon., Z = 4 

S.g. a b c ^ P H 

Stenonite SrsAllCOaJFj cl, — P2Jm 5,45 8.G9 13.14 98° 20' 3,9 3.5 
(stralcitoflite) 
Boggildite NajSr.^AL [PO4I E, —P2i/c 5.24 10,48 18.52 107°2i',i.7 4.5—5.5 
(nastralphitoflife) 

Sir. Not known. 

Cheni. Fairly constant composition; both minerals contain a little 
Ba. 

Phys. Stenonite has moderate cleavage on (001) and (120), while 
boggildite has imperfect cleavage in two directions. 

Subclass 4. Chain 

1. SELLAITE GROUP. Tetr., — PA,'mnm Z = 2 

a c p H Cl. 

Sellaite(moflite) MgFjci 4.65 3.07 3,15 4.25—4.75 (100) and (llO)perf. 

Sir. Rutile type, CN=6/3 (Fig. 16); Mg-Fg = 1.99 (Baur, 1956 
[1097]), 

Chem. Composition constant. 

Cryolite{nanalflite) 

2. CRYOLITE GROUP. Mon., C^ 
2'7 

a b c 

Naa I.NaAlFfiJcl, 5.47 5.62 7,82 

— P2pn, Z = 2 

? P H 

90° 11' 2,96 3-3.5 

Fig. 297. Structure of cryolite; only the AlFg octahedra 

are shown in the heterogeneous chains parallel to the c 
axis. 
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Str. Heteroatomic chains of composition NaAlFg run parallel to 

the c axis (Fig. 297); in large holes between the chains lie the other 2/3 

of the Na (CN = 12). Interatomic distances: Al—Fg = 1.79-1,83; Na—Fg = 

2.32-2.42; Na—F12 = 2.21-2.68 (Naray-Szabo and Sasvari, 1938 [1098]). 

Chem. Composition constant. 

Phys. Columnar to isometric; no cleavage (?). 

Subclass 5. Layer 

1. TYSONITE GROUP. Hex., — P&^lmmc, Z = 6 

a c p H Cl. 

Ty sonite (cell ite) CeFjL 7.12 7.29 6.1 5—5.5 (0001) imperf. 

Str. Corrugated layers of F atoms enclose planar hexagonal layers 

of Ce and F atoms (Fig. 298). Ce has complicated coordination: three 

F atoms lie in a triangle at 2.37, while two F lie at 2.36 along the c axis, 

and six F form a prism at 2.70 (Oftedahl, 1929 [1099]; Mansmann, 1965 

[1100]). The space group is given by the latter as — P3cl. 

Chem. Ce replaced by La up to Ce:La = 1:1; there are also smaller 

amounts of isomorphous Nd, Pr, Y, Sm, and Gd. 

2. WEBERITE GROUP. Orth., — Ibtnm, Z = 4 

Weberite(namagalflite) 

Usovite (bamagal fl ite) 

a b C p H Cl. 

Nao [MgAlF,],^ 7.31 7,06 9.99 2,97 3,75 (101) nr 

BajMgAl^FiJ & — — _ 4.2 3.5-4.5 Dir?, perf. 
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Str. Not adequately studied. Layers of (Mg, Al)Fg octahedra are 

linked by vertices, but in such a way that all the vertices of MgFg are 

shared, whereas only four of the six are shared for AlFg. Each Na is sur 

rounded by eight F; the Na atoms lie between the layers in two positions. 

Interatomic distances: Al-Fg =1.83 (4) and 1.85 (2); Mg-Fg = 1.94; 

Naj-Fg = 2.40 (4) and 2.70 (4); Na^-Fg = 2.21 (2), 2.56 (4), and 2.69 (2) 

(Bystrom, 1945 [1101 j). Usovite assigned here on basis of perfect cleav¬ 

age and platy habit (Nozhkin et al., 1967 [1102]). 

3. CHIOLITE GROUFL Tetr.. d!;, — P4/mnc. Z = 2 

Chiolite (tetrananalflite) Na4 [NaAI^Fu]4, 

Fig. 299. Structure of chiolite; only the 

AlFg octahedra connected in layers are 

shov/n. 

d c p H Qi 

.01 10,41 2,99 2.5-.3 (001) perf. 

Str. Layer pattern produced 

by AlFg octahedra, with one-third 

linked by four vertices and the rest 

by only two (Fig. 299). The layers 

are parallel to the basal plane and 

are displaced one relative to another 

by half a diagonal. The large holes 

in the planes of the layers contain 

NaFg octahedra, which form a single 

structure with the AlFg octahedra. 

The other 4/5 of the Na atoms have 

CN = 8 and lie between the layers. 

Interatomic distances: Alj-Fg = 

1.82 (4) and 1.92 (2); Aljj-Fg = 1.82 

(2) and 1.94 (4); Naj-Fg = 2.23 (4) 

and 2.56(2); Na—F8 = 2.40. Distance 

between layers 5.2 (Brosset, 1938 
[1103]). 

4, MALLADRITE GROUP. Trig,, — P3ml 
s 

ah Ch Z p H 

Malladrite (nasiflite) NajiSiFclo) 8,87 5,07 3 2,74 (3.0) 
Bararite (frigoams i fI i te) (Nl 14)2 |SiF„| (» 5,77 4,78 1 2,15 ~3 

Str. Layers of SiFg and NaFg octahedra parallel to (0001); distances 

Na-Fg = 2.32; Si-Fg = 1.69 (Zalkin et al., 1964 [1104]), with CN = 9 for NH4 

in bararite. Interatomic distances NII4-F9 = 2.91; Si-Fg = 1.66 (Gossner 
and Kraus, 1934 [1105]). 

Chem. No complete analyses available. 
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Phys. Tabular, perfect cleavage on (0001), not observed (?) for 
malladrite. 

Inadequately Characterized and Doubtful 

Kamagflite KpVIgFg] (?) 

Yttrocalciofluorite Ca(Y, Er)F5 (?) 



J. 
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Gu2(OH)3C1 ....... 

Gu(OH)Cl(?). 

Gu2(OH)2Cl2-H20(?), 

Gu(OH)2 • 2H2OI). . . . 

Cu(0H)2-3H20|,. . . , 

Gu5[P04]2(0H)4. . . . . 

Cu3[P04](OH)3 . . . . . 

Gu6[P04][N03l2(0H)7 . 

GuPbAsS3. ....... 

CugPb^BigSjydo . . . . . 

Gu4PbigBi4QS27do 000. 
GuPbBisSgi ...... 

GuPbBi3SgdS9. ...... 

Cu2Pb2Bi4S9i. . . . . . 

GUgPbgBijgSjgA. . . . . 

GuPbBiSgA ....... 

CujgPbgOugSjgi . . . . 

GuPbMn40ii( ?) . . . . 

CugPbOg......... 

GuPbSbSj ....................... 

CuPbi3Sb7S24do .................... 

(Gu;Pd)78e5...................... 

CuReS4( ?) ..... . . . 

GU2S ...... 

CUgS,^ .. 

Gu[804l ... 

Gu3[804l(0H)4 .................... 

Cu4[S04l(0H)e ... . . . 

Cui9[S04|[0H]32Gl4.4H20 .. 

Cu8[S04l3(0H)i(,.H20. .. 

CUgSb. ......................... 

GugSb. ... 

Ou3(8b,As)S4 ... 

Ou(Sb,Bi)3S5(?) ... . 

Cu2Sb20g(H20) .................... 

OuSbBgA. ....................... 

OugSccw .0000....0.0.0....0.0..0 

0u7fSi4O4j]2(0H)2do ................. 

CugSnMo8g ...................... 

OuTcto ......................... 
0u[U02(0H)4]I,(?) ................. 

598 

598 

565 

378 

565 

522 

521 

556 

555 

498 

637 

629 

227 

514 

313 

571 

262 

633 

650 

272 

294 

648 

659 

659 

325 

325 

540 

540 

633 

237 

254 

254 

254 

254 

254 

254 

254 

258 

313 

290 

237 

253 

221 

266 

241 

262 

580 

585 

585 

650 

606 

205 

205 

229 

266 

277 

255 

233 

413 

266 

215 

327 
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Cu2(U02)3(OH),o1 -SHsO^ . . . . 

Cu{(U02)2|S04l2(0H)2} • 6H2OI,. 

Cul (1102)3(8603)3(011)2!-71120,^ 

Cu{(U02)2|V208l| -911201, . . . . 

Cu3(V,As)S4. .. 

Cu2[W04l(0H)2l.. 

Cu6Y(H20)3lAs04l3(0H)ei. . . . 

Cu0Zn3As4Si2. 

Cu2ZnInS4. 

Cu2ZnSnS4. .... 

Fe 

Fe... 

Fe2Al[Al3(Si04)202l(0H)4l, . .. 

FeeAl[AISi7022](0H)2i,.. 

(Fe,A!)2(Co,Ni,Mg,Ca)4[As04l40- 11H20(?) . 

Fe2A10(0H)Cl4(?). 

Fe2Al9[Si04]407(0H)... 

(Fe,Al)5((V,P)04]2(0H)g.3H20. .. 

FeAsg... 

Fe4[As04l203. . .... 

Fe2[As04](OH)3 • 4.5H20( ? ). 

Fe|^ [As04,P04,S04]i3(0H)24 • 9H2O. 

Fe2[As04][S04l0H-7H20 . .. 

FeAsS . 

F63[ BgBjjO J2 ]OCl c» *462, 

Fe4[BeSi04]3STO. 
Fe2C(?)... 

F63C<». 

FeCe4(Fe;Ti)2T2(Si207)20g . .. 

FgC12(^ ... 

FeCljl,. .... 

FeCo..... 

(Fe,Cu)3Fe6[P04]4(0H)i2. .. 
Fe4(Fe,Al)2[(Si,Al)2Si20io](OH)8l,. ....... 

(Fe5l,(Fe|/3x)Fe204 ... 

Fe4Fe|'^[Fe2Si20iol(OH)8l,.. 

Fe2+Fe|"'(H20)4(P04l4(0H)5 - 2H2O. 

(Fe|_,Fef )(H20)8_,|P04l2(0H)„^ . 

FeFe2^(H20)j4[S04l4 .. 

FeFe2^''(H20)22[S04l4. 

Fe3_xFei/2xN. 

FeFe2[P04]2(0H)2. .. 

^0414(011)42. 
FeFe2S4. 

Fe9Fe2[Si404Q!2(011)jg(^. 

Fe3Fe^'Sn|n03l20301I. 

1^62^62X18024. 

FeGc(OII)8J?,. 

Fe(ll20)4{Al2(H20)2l P04l2(01I)2}ll20|,. 

Fe(li20)4{Al2(H20)2l PO4 12(011)2} 2H2OI,. 

Fe^'(H20)4{Al2(H20)2lP04l20(01l)} -211201,. . 

Fe(ll20)2[As04U. 

Fe3(Il20)8lAs04l2<^.. . 

Fe2(ll20)5|As04llS04|011. 

Fe(H20)8Cl3. 

Fe2(H20)2{Fe(H20)2lP04l2}i. 

Fe2(H20)8lMo04l3( ? ). 

Fe(H20)2(P04]<J. 531 

Fe(H20)3|P04l4,.   531 

Fe3(H20)2[P04]2(0H)3 • H2O. 548 

Fe3(H20)3lP04l2(0H)3. 548 

Fe4(H20) 42[P04l3(0H)3. 548 

Fe(H20)lS04l. 590 

Fe(H20)4[S04l. 602 

Fe(H20)5[S04l. 591 

Fe(H20)6(S04l. 591 

Fe(H20)7(S04l. 592 

Fe2(ll20)6(S04]3. 593 

Fe2(H20)3lS04l3. 593 

Fe2(H20)4o[S04]3. 593 

Fe4(H20)45[S04]6. 593 

Fe(H20)2lS04](0H) .. 599 

Fe(H20)3lS04]0H.  599 

Fe(H20)5lS04]0H. 599 

Fe(H20)8lS04]0H. 599 

Fe2(H20)7(S04]2(0H)2. 599 

Fe2(H20)2[Te03]3. 567 

Fe,(H20)5(Te03l3. 565 

Fe(H20)[Te03)0H. 565 

Fe2(H20)3[Te03]4(S04l. 565 

Fe(H20)8[U02(As04)2ll,. 522 

Fe(H20)8[U02(P04)l2i,. 556 

Fe(H20)[V04l. 496 

Fe 10284. 223 

Fg LCI2C62 ^^2^7 ^2^8* ••••••••• 39V 
Fe5LaFe3Ti42035. 280 

FeMo5S44l,. 262 

FeNigAsg. 203 

(Fe,Ni)[6](Fe,Ni)8 WSs.  226 

FeNi2S4. 223 

FeO. 271 

FejOs. 270 

Fe(OH)2,l,. 316 

FeOOHi.317,318 

FeO(OH)l,...  322 

Fe3P.   200 

Fer(P04l(0H)6(?). 561 

Fe2[P04](0H)3-nH20(?). 562 

FePt. 193 

FeS. 220 

FeSj. 243 

Fe2lS04l(0H)4.13H20(?) ..  606 

Fe2lS04]3(0H)2 * SHoO) ?). 606 

FeSb204i. 306 

FeSbjOgi. 301 

FeSbS. 245 

FeSb2S4c}).   249 

FeSe. 220 

FeSej. 243 

FeSi. 200 

FeSij. 200 

Fe3lSi404i)]2(OIl)2,J,. 432 

(Fe,Sn)Ta04i.  302 

(Fe;Sn)5Ta042A. 301 

FeTa206i .. 301 

FeXej.   213 

Fe2lTe03l3(?). 567 

FeTe04(?). 567 

FelTe205l0H. 565 

327 

604 

567 

503 

230 

571 

519 

229 

228 

228 

193 

428 

425 

525 

649 

388 

504 

206 

510 

525 

525 

525 

245 

463 

360 

201 

201 

397 

644 

643 

193 

543 

444 

285 

443 

549 

558 

596 

598 

200 

544 

543 

223 

264 

225 

431 

467 

280 

316 

560 

560 

560 

508 

523 

517 

638 

553 

570 
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Fe2T104 ........................ 

FG2Ti05dl5 

Fe2Ti309. ... 

Fe0Ti0Sb2O23 ..................... 

FeV204. . --.................. 

Fe^+[V03l(0H)2i(?). ............... 

Fe3+Y‘'+V5 + O0 ... . . . . 

FGY2[B62Si204QlTO .................. 

FeZn2(H20)4[P04]2l, ................ 

Ga(OH)3l, . . . 

Ga 

285 

304 

313 

313 

285 

500 

282 

446 

532 

315 

Hg 

Hg.. . 

}ig2 Cl2i . . . . . 
Hg+Hg2+OCli . . 
Hgl(?). ...... 

[HgjNlCl-nHjOj, 
HgOA ... 

(Hg2+)30Cl4 . . . . 
HgSi ........ 
Hg3[S04]02 .............-- . . . . 

HgSb4S2S0|, ...................... 

Hg(Se,S).... . . . 

HgTe... . . 

HgjITeOsK?). ..............-- . 

194 

642 

652 

645 

201 

300 

648 

248 

586 

263 

222 

211 

567 

H 

HA1(H2O)0[UO2(PO4)]4<^ ... 556 

H[B02](« ... 464 

H3[B03].^ ... 486 

H2BaCa4(H20)3[Si3049]2 • nH20^.. 434 

HgCaFe[P04][Mo04]4-6H20|. ... 572 

HCa(H20)[As04l4. ... 524 

HCa{H20)2[A SO4] ... 524 

.. 520 

B2Ca5(H20)5[As04]4TO.. 520 

• ............... 520 
HCa(H20)2[P04]|, ... 557 

HCa2(H20)4[P04l[S04]^. 557 

H4Cae(H20)3o[(A104)2(804)3) • • • ... • • 601 

H4Ca6(H20)28[(Mn04)2(S04)2(C03)2l ....... 601 

H4Ca6(H20)26[(Si04)2(S04)2(C03)2]. 601 

H2Ca2(H20)[Si20,l ... 403 

H2Ca2(H20)i3[Si04][S04l[C03li,.. 422 

H2Ca4Mg(H20)ii[As04l4.  . 515 

HeCa3Pb[Si04]3[S04].. 394 

H(Co,Ni)[As04] •4H20(?).. 525 

HioCuAl4[P04]8-6H20(?) .. 562 

H2Cu5(H20)g[As04]4. ... 516 

HFe®+[S04]2-4H20|, ... 604 

HgFe2[Te03]4Cl ..  . 565 

HMg(H20)2[As04] .. 516 

HMg(H20)3[P04] . . .. 548 

HMg(H20)7[P04l... 548 

H6Mg3[Si40ii]2-2H20(?). 458 

H2Mn5(H20)4[P04]4 . ... 547 

(H2_xNax)Zn2[Te03]3-nH30 . 565 

H20,4... 294 

(H30)2Ca(H20)3[U02(P04)2].l..  . 556 

(H30)2Ca[U02(S104)]2 •3H2OI,.. 455 

(H30)2Cu[U02(Si04)]2-3H20.^. 455 

(H30)Fe3[S04]2(0H)6.. 588 

H30(H20)3(U02(As04)]4.. 522 

H30(H20)3[U02(P04)]4&.... 556 

(H30)K[U02(S104)1 -HjO^,.. 456 

(H30)2Mg[U02(Si04)l2-3H20.^ .......... 455 

H20{NaTi[Nb(Si207)]0(0H)2}<§,.. 454 

(H30)2{(U02)2[V20al} • 4H2OI,.. 503 

(H20)4{Zn3[Si40iol(OH)2},i(?). 446 

H3PWi2O40 - 29H2O. ... 407 

HPb(As04]<?> ..................... 521 

In 

In.    194 

In(OH)3l,. ..  315 

Ir 

Ir ............ ..    . 192 

IrAsS. . ..  244 

K 

K{Al2[AISi30iol(OH)2}l, ..  442 

Ki_ J(AI,Fe)2[AIj_^Si3,xOio](OH)2} J, . . . . . 442 

KALFefiVi^VJ^Ovfi.SOHjO.. 504 

KAl2(H20)4[P04l20H ..  551 

KA1(H20)ii[S04]2.. 597 

KAI(H20)i2[S04]2. .. 597 

KAl3(S04]2(OH)g ..  . 588 

K[AISi04],^ ...................... 345 

lOAISijOelJ, ..   346 

KlAlSigOsll ..   346 

K[BF4l ..  665 

KBaMgeADSijOglgOjFgi. ............. 414 

K2Ca4Al8(H20)9[P04l8(OH)iol.. .......... 558 

KCalAISigOigl • ISHjOj, .. 358 

(K2;Ca)[AISi30al2 • 6H2OI,.     353 

K2Ca|AISi308l4-14H20j,(?) ........... 353 

K2Ca0Al4[SiO4)e[SO4l.  394 

KCagBegAIISiiaOao] ■ nHaO . ..  380 

KCaCIj.''..    637 

KCaCu5(H20)5[As04l4CI . ..   518 

K2Ca2Cu(H20)2[S04l4 .. 594 

KCa4(H20)8|Si40iol2F^. . . . ..  433 

K2Ca(H20)lS04]2. .................. 594 

K2Ca5(H20)[S04l6.   594 

K2Ca2Mg(H20)2[S04l4.  594 

KCai4lSieOi5]4(OH)5-5H20l,. ........... 434 

KCI...    637 

K2[Cr04l. ..  575 

K2[Cr207] ..  575 

K3Cu3FeiiSi4 ..................... 226 

K2[Cu(H20)2Cl4].  642 

K26'U(H20)g[S04]2 ..  595 

K2Cu[S04lCl2..................... 588 
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KF... 

K2Fe5Fe4^(Il20)i8lS04]i2. 

K2[Fe2+H20)2Cl4l .................. 

K2[Fe^^(H20)Cl5l .. 

KFe2(H20)2lP04l20Il. 

K{Fe(Il20)IS04l2}i. 

KFe(n20)4|S04l2. 

K5Fe3(H20)s|S04l4(0II)2.. 

KFe|S04l2... 

KFe3lS04l2(0H)e. 

KFei3lSi|;Oi4(OH)l3(OH),2l,.. . . 

K2F62 Ti0O406o. ... 

K^(H20)4{Al2lAl,Si4_xO,ol(OH)2}^ ....... 

Kl-x(H20)x{Al2!AlSi30iol(OH)2_x(H20)x},?, . . 

K3H6Al5(Il20)8|P04l8l, .. 

KIHCOjI.^.. 

KHMg2(H20)4|B3B308(0H)5]2i. 

K(H20)2lBB406(0H)4l... 

K2,(H20)2{Fell,AlISi40,ol(OH)3}^. 

(K,H30){Fe4(As04l3(0H)4| •6H20^.. 

Ki_^(H20)x{(Mg,Fe®^)3[AlSi30,ol(OH)2_x 

• (HjO),},?,... 
K2x(H20)2{Mn2_xAl|Si40iol(OH)3} 2 ....... 

K(H20)3lU02(As04)l^ ... . . . 

K(H20)3[U02(P04)1I, .. 

K{H[S04l} i . .... 

Kg{H6[S04l,U-- • • • .... 
K]Li2_xAlj ,.x(Al2xSi4_2xOiolF2}l) ........ 

K|LiFeAl[AlSi30iolF2}.^. . ... 

K{LiMg2[Si40iolF2U ... . . . 

KlMgFjK?). . ... . . . . 

K{(Mg,Fe)3[AlSi30iol(OH)2}^ --- . . . . 

KMgFe3^(Si40iol(OH)2(?). ....-- . . . 

KMg(H20)6Cl3 ... 

K2Mg(H20)4[S04]2 .................. 

K2Mg(H20)e[S04l2 .. 

KMg(H20)3lS04lCI.. . . . . 

K2Mg2(H2O)i6[V40O28li.. 
K2Mg2[S04l3..... . . . . 

KMg[S04lCl(?) .. 

K4[MnCl6l ... .. 

KgMnMn^Ojgi . ... 

KfNOsl.... 

K2(NaAlFell... .. 

KNa3[AlSi04l4J, ... 

KNaBa|Ti2(Si40i2)02lJ, .. 

K2Na3Ca5[AlSiYO(gl2Cl2F4J, ... . 

KNaCalAljSieOiel-121120,5, .. 

K2Na4Ca2lAlSi04lelS041 (011)2.5,. 

.. 
K2Na4Ca3(Il20)(Q|Si3043l2,5,. .. 

KNaCaThlSig02(||... 

K2NaCa2[ ri{Si2049)0H|5,. 

KNaCaY2(H20)4[Si40,ol(OH)82 .. 

KNaCaY2lSig042(OH)|Ql * 41120. 

(K,Na)2Fe^VAl,Fe)2Si50j5 -IljOi?).. 

KaNalFeClgl .. 

K3Na9Fe(U2O)9|SO4l0(OH)3. .. 

(K,Na)3{Fe2[Nb2(Si40j2)2l04(0H)3|,5,. ...... 
KNaFe2MSi205l2i. 

(K;Na)i_x{H20)x|Al2lAlSi30,ol(01I)2}5,-- 

KNa2(H20)4lB3B30e(0H)6l[Al(0H)3)4Cl35, ... 487 

KNaLiaFe^+ZrlSiijOgol. 380 

KNa2Li(Mn,Fe)2Ti2[Si40,1)202,5,. 342 

KNaMgCl4 • H2O. 645 

K3Na7Mg2(H20)6[S04le(N03]2. 600 

(K;Na)Mn4Al(H20)2l(Al;Si)60,5l(0H)5l,. 437 

KNaNa3Ca5lSi205l6F4i. . .. 421 

(K;Na)3{(Mn,Fe)7[Ti2(Si40i2)2l02(0H)5}5, ... 452 

K3Na|S04l2. 583 

KNa22lS04l9[C03l2Cl. 589 

(K,Na)2Si307(?). 458 

K2Na2[Ti2(Si40i2)02l5,. 365 

KjO-TljOj-8803-151120 . 606 

K2lPbCl4l.  641 

K2Pb(S04l2. 583 

K2ISO41. 583 

KjlSiFel. 665 

K2Sr(S04l2. 583 

K2[(U02)e04(0H)8l-8H2O5,. 327 

K2[(U02)2(Si205)3l-4H2O5,. 457 

K2|(U02)2(V20g]}-3H2OJ,. 503 

K|V2[AlSi30iol(OH)2}5,. 442 

K{Zn3lAlSi30i|,](0H)2j5,. 443 

K2[Zr(Si309)l5. 362 

K2[Zr(Sie0i5)l5,. 364 

La 

L3.2A.1 [SiO4]2OH .. 389 

LaC6(H20)4[C03]3. 618 

LaCe{H20)g[C03]3. 618 

Li 

Li2Al4[ A1 BSi20io] (OH)g. 439 

LiAlilAlSigOiQ] (OH)g5,. 444 

(Li,Al)Mn02(0H)25,. 328 

Li|Al|P04l(0H,F)j5,. 530 

LiAl[Si04l. 383 

LiAUSigOgli. 410 

LifAlSigOg] - HgO^,. 346 

Li[AlSi40|Ql5. 347 

Li2lBeSi04l5,. 358 

Li2CaAl4lP04]4(0H)4. 544 

Li2Ca3Bc3lSi04l3F2. 392 

Li(FelP04|0H|5,. 530 

Li2Mg3Al2lSi40i|l2(0H)25). 414 
Li(Mn,Fe)lP04]. 533 

Lii_x(Mn,_x,Fe5*0[PO4l. 538 

I-i3lP04l. 537 

Li2SrAl4l 1x1414(011)4. 544 

Mg 

Mg2Al2Al2SiOig. 286 

MgjAlglAlSisOigl. 376 

MgAl2AIlSi04l|B03l02 . 392 

AlS4Al2lAl2Si20iQ](0H)85,. 444 

Mg6Al(AlSi7022l(OH)2i,. 425 

661 

595 

641 

641 

551 

603 

595 

600 

583 

588 

429 

306 

445 

445 

558 

626 

485 

479 

436 

507 

445 

436 

522 

556 

604 

604 

443 

443 

430 

669 

443 

458 

640 

595 

595 

600 

502 

583 

606 

641 

305 

583 

632 

663 

345 

365 

434 

358 

349 

434 

434 

374 

365 

433 

434 

458 

641 

600 

452 

421 

445 
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MgAl[B04] ...................... 

MgeAl2(C03)(0H)i6(H20)4l, ... . 

Mg3Al4(H20)2[P04l4(0H)e ... 

MgAl3(H20 ) 28[S04]50H ............... 

^g2-x^l408-x .................... 

^Ig5-All8032 ...................... 
Mg3Al2[S04le.33H20(?).. 

Mg4Al2[S04l7 •36H20(?) . ............. 

MgeAl2[S04]3.54H20(?). ............. 

^Sl6-xAl32+2xSi8-xC>80 ............... 
Mg3Al7[Si04]4[B04]3(?) ......_.... 

Mg2Al6[Si04]402(OH)2. ............... 

Mg3[B3B40i2]OCU ............... .462 

Mg3[B7B40i4(0H)8H02] ..........__ 

Mg2B2_xH3P5.H20. ................ 

Mg2[B205] . ... 

Mg3[B03]2.... 

Mg3[B(0H)4]2[S04](0H)2 .............. 

Mg[B20(OH)sl .................... 

Mg3[B03](OH;F)3 ..... . 

Mg2[B2040H10H. .. 

MgBeAl408 ...................... 

MgCl2<^ ........................ 

Mg6Cr2(C03)(0H)ie(H20)4^-....- 

Mg5Cr[CrSi304Q].............. 

MgCr2TigO404 .. 

MgCu(H20)2.5[P04](0H) .............. 

^g2C'U2(H20)2[C03] (OH)g.. 

MgF2i  .... . 

(Mg, Fe)2Al3[ AlSijOjg]. 

(Mg,Fe)(Al,Fe)(OH)5. ... 

(Mg,Fe)Al2(H20)22[S04]4.. 

(Mg,Fe)Al204. ... 

(Mg,Fe)Al2[P04l2(OH)2.  .. . 

(Mg,Fe)3Al2[Si04]3 . .... 

(Mg,Fe)[C03l. ... 

Mg6Fe(C03)(0H)i3(H20)4<|. ... 

MggFe2(C03)(0H)ie(H20)4l,. 

MgioFe2(C03)(OH)24(H20)2^ .. 

(Mg.Fe)Cr204 . .... 

MgFe4Fe3+(AlSi30io](OH)8^ (?). 

(Mg,Fe)2Fe5+[B03]02.. 

(Mg,Fe)Fe4(H2O)20[SO4]6(OH)2. 

MgFe(H20)7[S04]20H.. 

MgFe3+(H20)i8(S04]4(OH)3.. 

(Mg,Fe,Ni)Al4Si30i3.4H20(?).. 

MgFe204. ... 

^87^^403(011)20 ... 

Mg4Fe0(0H)8Cl-nH204. 

MgFei^[S04]4 -ISHjO. .. 

(Mg,Fe)2[Si04]. 

(Mg,Fe)2[Si20g]i.... 

(Mg,Fe)7[Si40iil2(0H)2i.  .. . 

(Mg,Fe)Ti03 .... 

Mg7FerTi2[B03]408 ... 

MgFe2Ti30joi.. 

(Mg,Fe)2Ti50i2(?) .........-.... 

Mg(H20)4{Al2(H20)2[P04]2(0H)2}-2H20^ . . . 

Mg3(H20)8[As04]2l, .........-.... 

Mg(H20)3[BB204(0H)2l2i ............. 

Mg(H20)5[B2B03(0H)5]  .. .476, 

Mg(B2O)0[B3B3O9(OH)2l4 .. 

Mg(H20)7[B2B205(OH)4l .. 478 

Mg2(H20)[B2B205(0H)4l2. .. 478 

Mg3(H20)[B3B207(0H)4]2i. ............ 484 

Mg9(H20)2[B03]2(0H)i2 ............... 471 

Mg3(H20)4[B020Hl2[S04l. ............. 471 

Mg3(H20)5[B20(0H)6(P207l-........ 475 

Mg(H20)2[C03l ..  617 

Mg(H20)3[C03].. 617 

Mg(H20)5[C03] .. 617 

Mg2(H20)3[C03l(0H)2....-........ 620 

Mg5(H20)4|C03l4(OH)2.  620 

Mg5(H20)5[C03]4(0H)2 .. 620 

Mg(H20)6Cl2 ..  639 

Mgi/2x(H20)4{Cr2^t[Al^Si4_^Oiol(OH)2}2 ... 445 

Mgx(H20)4{Mg3_xlAlSi30iol(OH)2}|, ...... 446 

Mg(H20)e[N03]2 ................... 633 

Mgg(H20)8[P04l2i. .. 558 

Mg3(H20)6[P04l2[B20(0H)4] ............ 475 

Mg(H20)[S04]. .................... 590 

Mg(H20)2[S04] .................... 590 

Mg(H20)4[S04] .................... 602 

Mg(H20)5[S04] .................... 591 

Mg(H20)8[S04] .................... 591 

Mg(H20)7[S04] .................... 592 

Mg5(H20)4[Si40io]2(OH)2.4H20i. ........ 420 

Mg8(H20)4[Sig0i5]2(0H)4.8H20A. ........ 420 

Mg(H20)4[U02(As04)l2<l .............. 522 

Mg(H20)8[U02(As,P)04]2-nH20l, ........ 521 

Mg(La;Ce)2[C03]4. .. 611 
Mg4(Mg,Al)2[(Si,Al)2Si20iol(OH)8i ...- 444 

Mg2Mn3Al[AlSi30io)(OH)8,l, ..  443 

Mg3Mn2[As04](0H)7. ................ 514 

(Mg;Mn)(Fe;Mn)204. ................ 286 

MgMn4(H20)4[As04]2(0H)4. .. 518 

MgMn2Mn2Al5[Si30io][Si04]2[As04](OH)6. ... 406 

Mg3MnMn2^[B03]204 ..  467 

Mg2Mn4[Si40io](OH)8<l ..  444 

Mg2Mn5[Si30iol(OH)g ................ 407 

Mg4Mn9Zn2[Si04]2[As04]20(0H)j4 ........ 394 

MgNlDgOg-i. ...................... 303 

Mg4NiO(OH)9l,.................... 324 

MgO ..  . 271 

Mg(OH)2l,....................... 324 

2MgO • W2O5 ■ SiOj • nHjO ............. 573 

Mg2[P04]F ...................... 541 

MgSbjOoL ..  301 

Mg3lSi04]F2. ..  391 

Mg5[Si04l2F2 ..................... 391 

Mg7[Si04]3F2 ..................... 391 

MglSiOg] •H20(?). ................. 458 

MgjSigOii •3H20(?). ................ 457 

Mg5Si40i3-4H20(?).  458 

Mg3[Si40io](OH)2l, . ..  432 

MgG[Si40,(,](0H)8|, ..  431 

^87131404412(011)2^, ..  414 

Mg9[Si04]4(0H)2 ..  391 

^83Ti[B03]202 .  467 

MgTiTiOji ..   304 

Mg2{U02lC03]3}.18H20^ .. 625 

Mg{(U02)2[Mo04l2(OH)2} •5H20,^.  . 572 

Mg4[(U02)4(Si205)5(0H)gl .I5H2OI,.  457 

Mg3Zn4(S04)(0H)i2(H20)4.^.   332 

465 

331 

551 

600 

281 

286 

606 

606 

606 

286 

392 

388 

;,463 

484 

491 

472 

466 

472 

473 

469 

474 

281 

644 

331 

444 

306 

549 

620 

666 

376 

333 

598 

284 

544 

382 

609 

331 

331 

331 

285 

443 

467 

601 

601 

599 

458 

285 

333 

324 

606 

384 

408 

414 

279 

467 

304 

313 

560 

523 

483 

477 

487 
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Mg4Zn4(S04)(OH),4(H20)4i 

Mn 

Mn4Al2l Al2Si204()l (OH)g<». 

Mn4Al|As04l(0II)a.... . 

MnAl2(H20)22lS04l4. 

MnAl204 ... 

Mn^+Al2lSi207l|Si04|0HlH20|(?). 

MnAs... 

Mn3As20g ....................... 

Mn2[As04l0H.... 

Mn4(As04l(0H)5.... 

Mn5[As04]2(0H)4. 

MngAsgOjOH .. 

Mn,[As04l2(0H)5.. .. 

Mn5Asi'^[Si04]05(0H)2... 

Mn3[B3B40i2lOCl|,  .. .462, 

Mn3[B03]2.. 

Mn4[B205l(0H)4 ... 

Mn2[B2040H]0H... 

MnBe2Fer(H20)e(P04l4A .. 

Mn{Be[P0]40Hji. .. 

]V[n4 [ B©Si04] ...0............... 
IMnClg^  .a............... 

(Mn,Fe)Al(H20)[P04l(0H)2<?,. 

(Mn,Fe)3Al2[Si04l3..... 

(Mn,Fe)Al2(Si20g)(0H)4A .. 

(Mn,Fe)(C03r..... 

MnFejgFe^ [Fe3Sii3044](0H)4jc«. 

(Mn,Fe)Fe4lP04l3(0H)5.. .. 

(Mn,Fe)2Fe3+|P04l3(0H)4 • nHjOi ? ). 

(Mn,Fe)3(H20)3[P04l2.. 

Mn4Fe5(H20)4[Si60i5l2(0H)6 • 4H20i. 

(Mn;Fe)(Mn;Fe)204. .. 

MnFe204. ....................... 

[Mn?4(Fe3"'0H)j3(H20)3_3^1P04]2. 

(Mn;Fe)lP04).... 

MnFe2lP04l2 . ... 

Mn2Fe|P04l2 .. 

(Mn,Fe)2[P04]F ................... 

(Mn,Fe)2lP04]0H... 

MnFegl P04l2(0H)2 • HgOi ? ). 

Mn(Fe:Sb)03 .... 

Mn7FeSb20j3( ? ). ... 

(Mn,Fe)2lSi04l. 

Mn3Fe2lSi04l3. 

Mn4Fe3|Si702ili... 

(Mn,Fe)(Ta,Nb)20ei ... 

(Mn,Fe)W04i .. 

Mn3(H20)g[A.s04l2i>. 

Mn2"(H20)2lAs03l|As04l2(01I)s. 

Mn3(J!20)IAs04l(0II)3. .. 

Mn3(n20)3|B03|P04. . ... 

Mn(Il20)4{Fe2(H20)2lP04)2(0H)2} -211201, . . . 

Mn3(H20)4lP04l2. 

Mn(Il20)|S04l. 

Mn(}l20)4|S04l. 

Mn(H20)7lS04l. 

FORMULA INDEX 

Mn(H20)8lU02(P04)l2». . 
(Mn.Mg)7lSi206l0(0H)8. . 

MnMn|As04]OH. 
Mn2Mn(As04l(0H)4 .... 

MnMnf ^(H20)4[P04l2(0H)2, 

MnMn204 .   287 

MnMn307 -3H20 . 333 

Mni*MnrSbAsOi2. 287 

Mn^Mn^'SigSbOis.. • • • 287 

Mn42+Mn|"Si2SbOi4. 287 

Mn^'"Mn|*SiOi2. 287 

Mnl'Mn^^SiOjOIR?). 287 

MnO. 271 

MnOji. 297, 298 

MngOa. 271 

MnlOIOgi. 324 
Mn2(OII)3Cl. 648 

MnOOIlA.317, 318 

Mn0(01I),J,. 322 
MnS. 220, 223 

MnSj. 243 

Mn(4Sb2Al4lSi04l202i. 390 

Mn5(Si04l2(OH)2. 391 

Mn5[Si40,ol(OH)6|,. 430 

Mn6[Si40iol(OH)8l,. 431 

Mn7[Si04l3(0H)2.   391 

Mn9(Si04l4(OH)2. 391 

Mni8[Sii203ol(OH)2ol,. 429 

Mn7[Si04l2lSi04(OH)2]. 391 

MnSn(OH)8<|. 316 

MnSnTajOgi. 302 

MnTiOj. 279 

Mn2Y[As04](0H)4. 515 

Mn3Zn2[As04l(OH)7. 514 

Mn4Zn2(As04l02(0H)5. 514 

Mn4Zn3(C03]2(OH)io. 616 

MnZnMn^+0i2-4H20i. 319 

Mni4Zn2Sb2[Si04]40j3.  390 

MnZn2[Si04l(0H)2. .. 391 

MnZnlTejOjllTeOjl. 564 

Mo 

MoOj,^. 307 

MoSgi. 259 

Na 

NalAljlAlSijOioKOIOjIi. 442 
NaAl4|AlSi30iol(OH)8l,. 443 
NaAl|As04lF. 514 

NaAl|C03l(0H)2i. 621 
NaAl3(H20)2lP04l2(0H)4. 551 

NaAl(H20)6lS04l2. 596 
NaAl(H20)iilS04]2. 597 
NaAI(Il20),2[S04l2. 597 

332 

444 
514 
598 
284 
405 
203 
289 
510 
512 
511 
289 
512 
390 
463 
466 
473 
474 
553 
552 
360 
644 
534 
382 
413 
609 
416 
544 
562 
547 
420 
287 
285 
547 
535 
537 
537 
541 
541 
562 
279 
313 
384 
382 
412 
303 
302 

523 
512 
517 
471 
560 
547 
590 
602 

592 
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FORMULA INDEX 

Na{Al[P04]0H}|,.. , 

NaAl3[P04]2(0H)4.. 

NaAl3[S04]2(0H)e.. 

NaAl[Si20e]4.. 

Na8[AlSi04]gCl2«.    . . 

Na2[AlSi5042]F.^.. 

Na2[AlSi206]2-2H20<J, ... 

Na2[Al2Si30jQ] • 2H2OTO .. 

Na5[Al2Si208l2,5 ■ 6H2O.J, .. 

Na2[AlSi308]0HM... 

Na8[AlSi04]e(OH)Cll,(?) ..  . . 

Na8[AlSi04]g[S04].» ..  . 

NaAlgViQ038 * 30H2O.... 

Na4As2Sb8S42 * 6H2O ................. 

Na2lB2B30g(0H)5]( ? ) . .. 

Na[BF4].    . 

Na2[B(OH)4]Cl,|.. 

Na[BSi205(OH)2],l,.. 

Na[BSi308ll,.    . . 

Na2Ba[Al2Sl208l2.J ... 

Na2Ba4CaY2(H20)5[C03]9.    . . 

NaBa2Fe^’^Ce2[Ti2(Si40i2)020H] . ... 

Na3Ba4CelNb2(Si207)4] .. 

NaBa[Fe2^Ti2(Si20,)20H]|, .. 

Na2BaMnB2Ti[Sie0i8]02... 

Na4Ba[Ti2[BSi50j4)202] Too.. .. 

Na2Ba[Ti2(Si4042)C)2l.00. .o.* 
Na4[BeAlSi40i2]Cl3,„ . . 00.0... 

Na3_^[BeAlSi50i4_x(OH,F)x]... 

Na2[BeAl2SigO40{OH)2] “ H20<^o » * . .. 

Na{Be[P04]}.^ .. 

NaBe4Sb07 ...................... 

Na2[BeSl20g]K> ... 

Na[BeSi30,0Hll,.. 

Na2[Be2(SigOj3)(OH)4](l)... 

Na2Ca3Al4[B03l5(0H;F)5... 

Na2Ca3Al4[B2O5]2.5(OH;F)j0... 

Na2Ca4Al4(H20)5[P04]402F8. ........... 

Na2Ca5Al8(H20)g[P04]8(0H)42. .. 

(Na,Ca)[As(Si,Al)Si208]M. 

(Na,Ca)4[Al(Si,Al)Si208]3(Cl,C03).i. ...... 

NagCa2[AlSi04]8[C03,S04](0H)2J,. 

NaCa[Al3Si50ig] •7H2OI,... 

NaC a2 [A l2Si208] 2,5'6H20(» ............ 

(Na;Ca)[AlSi208]2-6H20<J,. ............ 

Na2Ca[AlSi206]4-16H20i,. 

Na2Ca[AlSi50i2]4 • I2H2OI. 

Na2Ca2 [Al2Si304Q] 3 * 8H2OTO .. 

Na6Ca2[AlSi04]e[S04]2^... 

Na6Ca2[AlSi04]6[S04lS<^.. 

Na4Ca2[AlSi04]4[S04l(0H)ClJ, .......... 

Na2Ca3[B3B2O8(0H)2][S04]2Cl^. ......... 

NaCalBeSijOgF]!,... 

Na2Ca[C03]2 ..... . 

Na2Ca2[C03]3. .................... 

Na2Ca4CeTi[Si207l20F3 .............. 

NaCaCu5(H20)5[As04]4Cl ............. 

NaCaCu5(H20)5[P04l4Cl .............. 

Naj2CagFe3Zr3[Si309]2[Si9024(0H)3]2 ...... 

(Na,Ca)(H,Al,Si)03(?). .............. 

NaCa5{[(H3)6AlioSi3P5]048} •8H2O ........ 

Na[Ca(H20)AlF6].J. .... 

717 

NaCa(H20)3[B3B207(0H)4li. --...... 484 

NaCa(H20)8[B3B207(0H)4]i. .. 484 

Na2Ca(H20)2[C03]2 ..  619 

Na2Ca(H20)5[C03]2 ................. 619 

Na2Ca2(H2O)5[Si4Oi0](OH)2<Ii ........... 433 

Na2Ca8(H20)8[Si309][Si207](0H)gi. ....... 419 

Na4Ca2Mg7Al4(OH)22Cl42.^ . .. 657 

(Na;Ca)(Mg:AI)[Si20e]i ... . 409 

NaCa2(Mg,Fe)4Al[AlSi30iil2(0H)2i. ...... 425 

Nao.5-iCa2(Mg;Fe)3_4(Al;Fe)2_i[AlSi30ii]2 • 
■ (O, 0H)2(4) .. 425 

(Na;Ca)2_3(Mg;Fe;Al:Fe)5((Al;Si)Si30ii]2 ■ 
• (OH)2i.  425 

NaCa2(Mg,Fe)5[AlSi7022](OH)2i . ........ 425 

NaCa2(Mg,Fe)4Fe^'^[AlSi30)il2(0H)2i ..... 425 

NaCa2(Mg,Fe)4Ti[AlSi30iil20(0H)i ...... 425 

NaCa2(Mg,Mn)2[As04l3. ..  509 

Na2CaMg5[Si40j4]2(0H)2i.  415 

NaCa2Mg5[Si40,il20(0H)<i .. 415 

Na3CaMn4Al2[P04]5(0H)4 .. 545 

Na4Ca3MnAl3[P04]3(0H)gF3. .. 545 

NaCaMn3[As04l3. .................. 509 

(Na;Ca;Mn)3(Mn;Al)2[(P04);(0H)4]3. ...... 545 

Na2Ca3Mn3Mn^+(H20)4[V04]e(0H)8. . .. 496 

Na(Ca,Mn)2[Si3080Hli. ... . 418 

NaCaMnZr(Si207]OF . ..     399 

NaCaNb20e(0H;F). ................. 276 

(Na,Ca)(Nb,Ti)(Si207). 2H2OJ, .......... 368 

Na2Ca(S04]2. ..................... 584 

Na3Ca2[S04]3Cl. ................... 589 

NaioCa3[S04]8" 6H2O ..  606 

Na4Ca3[Sig04g(0H)2]. ..   378 

(Na2Ca)Sr2Ca[C03l5.   611 

NaCaTa20g(0H;F). ..  276 

(Na,Ca)(Ti,Nb)03i,.  295 

NaCaTi[Si04]0F. 388 

NaCa8Ti[Si207]20F3. 398 

Na2Ca(U02){H20)g[C03]3. ..  619 

Na3Ca3{U02[S04][C03]3F} .10H20^. ...... 626 

(Na2Ca)V|+(H20)i4[Vio028l02i,.  502 

Na4CaV|+(H20)8[Vio028]04i ........... 502 

NaCaYFg.    662 

NaCaZn5(H20)5[As04]4Cl...  518 

Na2Ca4ZrNb[Si207l203F.  399 

Na2Ca[Zr(Si40ig)0]2.8H20i,.  369 

NaCa2Zr[Si207]0F. 399 

Na2CaZr(Si207l(OH)F. 399 

Na2Ca4 Z rTi [ Si20712O2 F2..  399 

(Na2,Ca)[Zr(Si309)l •2H20i,. 368 

(Na,Ce)Ti03<^ .. 295 
NaCl ..   637 

Na2Cu(H20)3[C03]2 .. 619 

Na2{Cu(K20)2[S04]2}i . ..519,603 

Na{Cu2(H20)[S04l20H}|,. 605 

NaF.   661 

NagFa^ Al4(H20)[Si404Q]20g<^. 437 

NaFei+AlglSigOigllBOslgOgF ........... 377 

Na2 Fg 2 Fg2 "*"[ Si 42039] * 1120 ..  379 

NagFc^FG^ [Si4044]2(OH)2oo .. 416 

NaFe3(H20)2[P04]2(0H)4. . ..  551 

NaFe(H20)g[S04]2 ..  596 

Na3Fe(H20)3[S04l3.   594 

530 

545 

588 

410 

350 

350 

351 

356 

355 

350 

350 

350 

504 

266 

479 

665 

490 

438 

344 

344 

618 

366 

368 

366 
378 

363 

365 

361 

351 

350 

529 

278 

359 

362 

448 

468 

468 

550 

550 

344 

348 

349 

355 

355 

351 

353 

358 

356 

350 

350 

349 

488 

447 

613 

613 

398 

518 

551 

369 

458 

532 

664 
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Na2Fe(H20)3lS04l20H.. 600 

Na4Fe2(H20)3lS04l4(0H)2. .. 600 

NaFe3lS04l2(0H)6.   588 

NaFelSijOgli. 410 

NaFeTigOj .. 280 

Na2Fe|^|Ti(Si20e)l302A. 426 

Na|HC03li ..   622 

Na5[H3(C03)4li . .. 622 

NaHCa2Al4|C03l4(OH)ioi .. 621 

NaHMg2(H20)4[As04l2 ..  516 

Na2H(P04l ■H20(?). .. 562 

NaH|S04l -HjO. ..  606 

Na^(H20)4{Al2[Al^Si4.^0iol(OH)2}J,. 445 

Nai_x(H20)jAl2lAlSi30,o]<OH)2_x(H20)J^. . 445 

Na(H20)3lBB406(0Il)4l .. 479 

Na2(H20)lBB204(0H)2]2i..   483 

Na2(H20)2[B2B307(0H)3]i. 485 

Na2(H20)[B2B306(0H)5l. .. 479 

Na2(H20)3[B2B20g(0Hyi. 482 

Na2(H20)3[B2B205(0H)4] ..  478 

Na2(H20)8[B2B205(0H)4] . ..  478 

Na2(H20)|C03l.   618 

Na2(H20),o(C03].   618 

Na(H20)2Cl . ..   640 

Na^(H20)4{Fe2^+[Al^Si4_^Oiol(OH)2}^. 445 

Na3(H20)2{H[C03]2} I.   626 

Na^(H20)4{Mg3[Al^Si4_^Oio](OH)2U .. 446 

Nax(H20)4{Mg3_^LlxlSi40iol(On)2}l,. 446 

Na2(H20)io|S04l .. 593 

Na(H20)|Si203(0H)3li. 422 

Na3(H20)|S04l[N03l. 634 

Na(H20)3lU02(As04)ll,. ..  522 

Na(H20)3[U02(P0)4l2, . ..   556 

Na2(H20)3[V60,e]i ..   500 

Na3(Li3Al2Fi2l<^. 663 

NaLi^(Fei_x,Al2/3x)3Alg[SijOi8][B03]3[Ox • 

• (OH)4_x1 ..  377 

NaMg2Al3[Al2SijQ03Ql .. 379 

Na4Mg2AlFe(Si40ij]2(0H)2i. 416 

NaglMgAlF,].^ .. 667 

NaxMgxAl2_x(0H,F)6-H20.^. 651 

NaMglAlSijOiglg • OHjOi, ..  355 

NajMgICOglj ..  613 

NagMglCOglgCl. ..   617 

NagMg2lC03]4[S04] ..  617 

NalMgFglJ, ...................... 662 

NaMgjFel'^AljIAlgSijOgol • lIjO. 379 

Na2(Mg,Fe)3(Al,Fc)2lSi40,i]2(0II)2i,. 416 

Na(Mg,Fe)3Alg|SigOj3ilB03l3(OII)4. .. 377 

NaeMg(Il20)ig|B3n309(01I)2l4,^.  487 

Na2Mg(Il20)4lS04l2 . .. 595 

Na42MgY(Il20)i5|S04l|3 .. 594 

NaMg(H20)2lS04|0II ..  600 

Na4Mgg(Il20)4|Sig0,5l2(01!)4-8Il20i-  420 

Na4Mg(n20 ) 24lVio028li,.  502 

NaMgMnFo2(H20)4|AlSi702oUOH)2 • OIIjOA . . 420 
NaeMg|S04l4 ..  584 

Na3Mn4(Al;Fe)|Si40,4l2(0H)2i.  416 

NaMn3AIg|Si50ig|(B03l3(0n)4(?). ........ 377 

NaMnCelSijOgI. 370 

Na2(Mn,Fe)2Fe[P04l3. .. 538 

NaMn3Fe7Fef-^|Si420 33l(OH)gi .......... 416 

Na2(Mn,Fe)5lP04]4 .. 538 

Na2(Mn,Fe^^)3[P04l3.  538 

NaaMnMnyOiei.  305 

NaMn|P04l .. 538 

Na2Mn5(P04l4(?). 538 

Na4MnZr2TilSi207l202F2.   398 

NalNOjI. 632 

NajlNaAlFgli. 666 

Na4lNaAl3Fi4l.^. 668 

Na2{NaCe4|Ti2(Si04)2|06{0H)3} ‘SHgOl, .... 454 

Na2Na(Sr;Ca)(La;Ce)I(Mg;Zn)(SieOi7)],^ ... 441 

NaNbOg.^,.   295 

•fNaglP04]2_x (^2^)2 } |Xa2MnTi[Ti2(Si207)2] 
•(OH)4|2,. 454 

Na3Pb2[S04l3Cl. 589 

Na2[S04]. 582 

Nae[S04)2C03. 589 

Na6lS04]2ClF .. 586 

Na3[S04lF.   586 

NaglSiFgl^ .. 668 

NaSi70,3(0H)3-3H20 . 458 

NaSiii02o(OH)5-SHjO. 458 

Na4Sn|Be2SigOie(OH)4l^. 362 

NaSr2Al2(OH)Fio. .. 649 

Na2Sr2Al2lP04lF9 .. 666 

NaSrCa(La;Ce)[C03l4. 611 

NaSr3Ce(P04l30H. 545 

NaTa40ioOH<J, ..   295 

Na2[Ti2(Si20e)103i. 426 

Na2[Ti(Si40io)Oll,. . . .. 366 

Na2[Ti2(Si206)(Si205)102 ■ nHgOi. 426 

Na2U207(?). . .. 333 

NajIZrlSijO,)^. 364 

Na2[Zr(Si40i,)ll. 364 

Na2[Zr(Si60,5)] •3H2OJ,. 369 

Na2|Zr[S40i2(OH)el}|,. 367 

Nb205(?). 313 

(Nb;Ta)(OH)5. 333 

NH4 

NH4Al(H20)i2lS04l2. 597 

NH4(AlSi308l • nHjOi,. 346 

NH4163408(011)4]". 479 

(NH4)2Ca(H20)[S04l2. 594 

NH4CI. 638 

(NH4)2Fe(H20)6lS04l2. 595 

(NH4)Fe3|S04l2(0H)6. 588 

(NH4)|HC03li. 622 

(NIli)HMg3(H20)8[P04l3(?). 562 

(NH4)2H2Mg(H20)4lP04]2. 548 

(Nn4)2ll4Mg3(H20)8(P04l4. 548 

NH4(H20)|BB40g(0H)4l .. 479 

NH4(H20)3llJ02(P04)U. . .. 556 

(NH4)3lIlS04l2^ . .. 604 

NH4Mg(H20)6lP04l. 548 

(NH4)2Mg(n20)6lS04l2.  595 

NH4INO3I.   633 

NIl4NaH(H20)8[ro4l. 548 

NH4Na(H20)2lS04].   595 

(NH4)2lS04]. 583 

(NH4)2[SiFg]... 665 
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(NH4)j(SiF6l2 .................... 

Ni 

Ni........................... . 

Ni5Al[AlSi30iol(OH)8l, 

NigAl2(C03)(0H)i6(H20)42,. ............ 
Ni5Al402(0H)j8.6H2O. ............... 

NiAs .......................... 

NiAs2. .................. 

Ni3As. ......................... 

Ni3As2 .. 

Ni5As2 ... 

Ni3[As04]2. ... 

Nii8[As04]5[As03]09.. . . . . 

Ni0[AsO4]2O3( ?) . ... . . . 

NiAsS ... . . . . 

Ni3Bi2S2 ... 

NiaBi2So ................... 

NifCOj] . .... 

(Ni,Cu)S2.. 

NiFe204 . ......... . 

Ni(H20)6[C03] ..... 

Nl3(H20)4[C03](0H)4.. 

Ni(H20)6Cl2(?). . ... 

Ni(H2O)0[SO4]. ...... ... . . . . 

Ni(H20)7[S04]. .................... 

Ni(H20)2[Se03].. 

NiNi2Se4.. 

Ni'iLxN^^3xSe............. 

NiO ................... ... 

Ni(OH)2l> ....................... 

Ni50(0H)9<|... ......._ 

Nisi .......................... 

NiSj. .......................... 

Ni3S2 .......................... 

^780 .......................... 

NiSb .......................... 

NiSb2.......................... 

NiSbS. ........ . ............ 

NiSe2... 

NiSei ... 

NiSe2i ......................... 

Ni3[Si40io](OH)2i.. 

Ni6[Si40iol(OH)8i.. 

NiTe.. 

Nl'F02i ........................ 

NiTeSei ... 

Os 

(Os,Ir).. 

(Os,Ir)S ..... 

Pb 

Pb. ..... ... .. 

PbAl3[As04][S04](0H)6. ..  . 

Pb2Al4(H20)3[003)4(OH)8i. • ... • • • 

PbAl3[P04]2(0H)5H20. ....-....... 

PbAl3[P04][S04l(0H)6 ............... 

Pb2Al4[P04]2[S04](0H)8-4H20(?). ....... 

719 

Pb3[As04lCl3-................. 511 

Pb5As309Cl...................... 289 

Pb0As2O7Cl4i ..  656 

Pbi4[As04l209Cl4 ..  511 

PbAs2S4 . ..  235 

Pb9As4Si5 ....................... 236 

PbAuSbTe3S0«j. ........ 264 

pbBio^cii.'.lit 
PbBi2S4i ....................... 250 

PbBi4S7i ....................... 250 

Pb2Bi2S5i....................... 252 

Pb3Bi2Sei....................... 252 

Pb3Bi4S9i....................... 250 

Pb5Bi4S4i(?) ..................... 266 

Pb8BieSi7i .. 252 

Pb(Bi,Sb)2S4(?) ... 266 

Pb4Bl7Se7S4l,. .. 261 

PblCOs) ..... 610 

Pb2[C03]Cl2i ..... 624 

Pb3[C03]2(0H)24 ... 624 

PbCl2. .... 636 

PbClFi ... 644 

Pb[Cr04l ... 575 

Pb6[Cr04]3[C03]02(?) ... 577 

Pb2[Cr04]0 ... 577 

Pb8[Cr04]305..................... 577 

(Pb,Cu)Al5[PO4]2(OH)ii.l0H2O(?). 562 

PbCuAl2[SO4l2(OH)0. . .. 588 

PbCu[As04]0H. ... 514 

PbCu3[As04l2(OH)2 ... 513 

Pb2Cu[As04][Cr04]0H . .............. 576 

Pb2Cu[As04][S04]0H. ... 513 

PbCu3[C03]3(0H)2(?)... 627 

PbCuFe2[S04]2(0H)6 .. 588 

PbCu(OH)2Cl2(?)... 649 

Pb2Cu(OH)4Cl2i ... 656 

Pb5Cu4(OH)8Clio-2H20. . . .. 649 

Pb3Cu02(011)2012^ .. 656 

Pb2Cu[P04][Cr04]0H... 576 

Pb2Cu[P04l[S04]0H. . .. 545 

Pb5CU2[S04]3[C03](0H)6 .. 589 

Pb4CulS04l2[C03]0(0H)2. ............. 589 

PbCu[S04](0H)2.... . 587 

Pb2Cu4[S04](OH)4Cl0 “ 2H2O.. 650 

PbCu[Se04l(OH)2( ?)..... .. 577 

Pb2Cu5[(002)2(8003)0(011)0] " 2H20i. .. 567 

PbFe8(As2O0)9... 289 

PbFe[As04]0H. .. 514 

PbFe2[As04]2(0H)2.. 513 

PbFe3[AsO4)[SO4l(OH)0.. 513 

Pb2(Fe,Mn)2'''[Si207]02............... 400 

PbFe407 ........................ 280 

PbFei20i9. . ... 280 

Pb5Fe404Q(0H)Cli ................. 655 

PbFe3[P04][S04l(0H)6 ... 543 

PbFe0[SO4]4(OH)i2. ... 588 

Pb4FG8b0844i ... 266 

Pb7Fe|'^[8i207l3Cl2(?) .. 401 

PbFe2[V04l2(0H)2... 495 

Pb3Ge^+(H20)3[S04]2(0H)8. ............ 599 

Pb4[Ge02(0H)2][S04l3-............ 589 

Pb(H20)[Cr04] . ... 577 

668 

193 

444 

331 

333 

203 

206 

205 

203 

204 

509 

511 

510 

244 

224 

225 

609 

243 

285 

617 

619 

645 

591 

592 

565 

223 

225 

271 

324 

324 

247 

243 

221 

221 

203 

206 

244 

243 

247 

259 

432 

431 

210 

214 

259 

192 

266 

193 

513 

621 

543 

543 

562 
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Pb2(H20)3((U02)3(As04)2(0n)4ll,. 

Pb(H20)4(U02(P04)l2J,.. • • • 

Pb(H20)3[(U02)3(P04)2(0H)2]l,. 

Pb(H20)8l(U02)4(P04)2(0H)4ll,. 

Pb2(H20),[(U02)4(P04)3(0H)3|l,. 

Pb3(I03l0(0H)Cl2.^. 
Pb2Mg2Mn3AlslS04llC03l7(0H)i8.2H2O (?) . . 

Pb2Mg2[Si207l (0H)2. 

Pb3MnAs3080H. 

Pb2(Mii,Fe)(H20)|V04]2. 

(Pb;Mn)MnFe2Fe2TieOi9... 

PbMn^^n^^Ojgi. 
PbMn2+Mn^^0i2-2H20i(?). 

PbMn020H I.. . . . 

Pl!)8Mn[Si207l3. 

PbMn|V04]0H.. . 

Pb|Mo04l. 

Pb2Ni3S2... . . . . 

PbO^ ... . . . . 

PbOji .. 

Pb302Cl2(» .... 

Pb403Cl2M a..................... 

Pb70gCl2(M... 

Pb20F2^  .a.......... 

Pb(OH)Cl,^ . ... 

Pb20HCl3l, . .... 

Pb3{OH)2Cl4l,... 

3Pb0-3U03.4Si02-6H20(?). .. 

Pb2Pb3[(As,P)04]3Cl . .... 

PbPbAs2S5 ... .... 

Pb2PbAs4S9.. 

Pb2PbAs5Si0 . .... 

PbgPb3Asi3S28.. 

Pb2Pb2FeSb8Sj4i... 

Pb2Pb04i. 

Pb2Pb3[P04]30H.. 

PbPbSb2S5.... 

Pb2Pb3lSi04)[Cr04l20 .. 

Pb2Pb3[V04l3Cl... 

Ph4Pb6Zn(Si04]2[Cr04l6F2... 

Pb[S04l... 

Pb2[S04l0. .. 

Pb4(S04](C03]2(0H)2l.. 

Pb5lSb,As)2S8. 

Pb2g(Sb, As)j4S47. 

Pb5(Sb,Bi)8S47(^ .. 

Pb2Sb207. 

PbSb02Cli,. 

PbgSb207Cl4ai. 

PbSb2S4. 

Pb3Sb8Si5. 

Pb5Sb4S4]<«. 

PbgSbgSi;. 

PbgSb(4S27<ii. 

PbySbgSjj. 

Pb7Sbi2S25i».. . . , 

Pb9Sb8S2i.. 

PbgSbigSggA.. 

PbjiSb]2S29i.. 

Pbi2SbjQS27do. 

PbigSbi8S43<i. 

Pbj7SbjgS4ibo. 

Pbj7Sb22S5Q«5.    253 

PbjjSbjgSgiA .. 253 

Pb3Sb2Sn4Si4l, .. 263 

Pb,Sb2Sn3Si4li. 263 

PblSeOjl.   564 

PblSe04l.     575 

Pb2lSe04l[S04l.  575 

Pb(Se,S). 220 

Pb,2[Sii203eli. 412 

PbSnSjl.. 264 

PbTa20g(H20)^.   276 

PbTe. 211 

PblTeOjK?). 567 

PbTi03,J,. 295 

(Pb,Tl)3As5Sio. 235 

Pb2((U02)(As04)2lli. 521 

Pb[(U02)202(0H)2l-HjO^. 327 

Pb[(U02)402(0H)6l • 2H20<I,. 327 

Pb((U02)702(0H)i2]-GHjOl,. 327 

Pb2[(U02)504(0H)6]-HjOil?). 327 

Pb2[(U02)(P04)2ll>. 554 

Pb[U02(Si04)l ■H2OI,. 456 

Pb[(U02)(Te03)2ll>. 566 

Pb{(U02)2[V208]} .5H20I,. 503 

Pb2(V207l. 498 

Pb[W04l.569, 570 

(Pb,Zn,Cu)2[Cr04]0. 577 

Pb(Zn,Cu)(V04)OH. 494 

PbZn[Si04l. 385 

Pd 

Pd.192,198 

PdgAs. 205 

PdBij.  .206, 207 

PdHg. 194 

PdO(?). 313 

PdjPb. 194 

Pd(Pb;Bi) .. 194 

PdS. 221 

PdSb. 203 

PdgSb. 205 

PdgSn^. 198 

PdTe. 210 

PdTejI.. 214 

Pt 

Pt. 192 

PtAs2. 206 

PtAsS. 244 

(m,Pd)s. 221 

pts. 221 

PtSb. 203 

PtSbj.  206 

PtSn. 195 

Pt3Sn2. 198 

PtTeji. 214 

Rh 

RhAsS . .. 244 

524 

556 

559 

559 

559 

630 

627 

401 

289 

497 

280 

305 

319 

329 

401 

494 

569 

224 

310 

297 

651 

654 

654 

654 

654 

654 

654 

458 

512 

235 

235 

235 

235 

251 

306 

541 

235 

57 6 

494 

576 

581 

586 

624 

237 

237 

252 

277 

655 

656 

235 

234 

253 

234 

249 

234 

249 

234 

253 

253 

253 

253 

253 
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Ru 

RuS2 ............... 

s 

Ss.. .. 

Sb 

Sb^. ... .... 

SbAs«> ... . . 

SbFe2[Si04]20H .................. 

Sb203. 

Sb202do ... 

SbgOjjCl2M ... 

SbgSgOT ..... 

Sb2S20ci5 ........................ 

SbSb04...... . 
SbSbjOeOH.. 

Sb(Ta,Nb)04 ... 

Sc 

Sc(H20)2[P04]4 .. 
SC2[Si207] ............ 

Se 

Se4....... .. 

Sg02<» .. 

Si 

SiC.... . 

Si02A ... ... 
SiOgd.. .291, 292, 

Sn 

Sn.. . . 

SnAl40g ... 

SnOgi  .. . . 

Snslj ... . . . . 

SnSgw.. . . . 

Sn'iSniVSji. . .. 

Sn2Ta207. ... 

Sn(Ta,Nb)207<i. 

Sr 

SrAl3[As04][S04](0H)6. . . . 
Sr2Al[C03]F5. 
SrlAlgSigOg]J) ......... 

721 

SrAl(H20)(0H)F4l, ................. 658 

SrAl3[P04]2(0H)5H20. ............... 543 

SrAl3lP04llS04l(0H)5. ............... 543 

Sr(AlSi308)2 -SHjOj, ................ 353 

SrjBgOu-41120. ................... 491 

SrlCOgl.... . 610 

(Sr,Ca)2Al8[P04]2(OH)22(?)..  562 

SrCa[B3B208(0H)2]Ca .............. 488 

SrCa(H20)5[BeB802o(OH)e]. ............ 480 

SrCa(H20)3[V03]2(OH)2i  .. . 499 

(Sr,Ca)2LaCe(H20)2[C03]4(0H)2.  . 620 

Sr3CaMg2B24042 - 9H20(?). ............ 491 

Sr3Ca2[P04]3F ..  . 541 

SrCa[V03]2(0H)2f». ..o....... ....... 499 

SrFe3[P04]2(0H)5H20. ............... 543 
Sr(H20)3[B3B309(0H)2]2 . ..  437 

Sr2(H20)[B2B308(0H)]2[B(0H)3],| ........ 489 

Sr2(H20)2[B405(0H)4][B50g(0H)4]2. ....... 480 

Sr[La,Ce]2[C03]30(?) ............... 627 

Sr|Na3Ti[Ti2(Si207)2]02F}........... 451 
Sr[V(Si,0,)l-?i. ..  449 

Sr5Zr2(H20)4[C03]9 ................. 618 

Ta 

Ta[B04] ..  465 

TaC........................... 201 

TajOji?) ....................... 313 

Te 

T6ci) .......................... 196 

Te02A ......................... 298 

TeOgI, ......................... 309 

Th 

(Th,Cu,Zn)W408 •nH20(?) ............ 573 

Th3(H20)4[P04]4( ?)........-..... 546 

Th(H20)8[(U02)4(P04)2(0H)6]|,. 559 

Th02 .......................... 269 

Th[Si04l ........................ 381 

ThTi20gOT ..  . 311 

Ti 

TIN. .......................... 200 

TiNb(OH)9(?) .. 333 

TiOji ......................... 297 

TiOj.?! ..  309 

TiOjI. ......................... 293 

TI 

TlAgPbAsjSs.. 236 

TlAsS2i. ..  257 

243 

195 

197 

197 

390 

297 

300 

654 

246 

247 

274 

277 

274 

531 

396 

196 

299 

199 

297 

293 

194 

281 

297 

261 

259 

248 

276 

304 

513 

666 

344 
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TIAS3S8 ..... 
TlCuPbAsjSj. . 

TICU3S2 . . . . . 

TlFeFeSj. . . . 

TlFeSj .. 

Tl4Hg3Sl32AS8S20 

TI2O3. ...... 

TlPbAsjSg. . . . 

TlSbsSg. 

U 

U[Mo04l2. 

UMo06(H20)2 " 2H2O.J, . . . . 

U[Mo04l2(OH)2 -SHjOl,. . . . 

U02[C03li» ........... 

UOsICOglHjOi?). ....... 

(U02)2(H20)i5[Ve0nli . . . . 

UO2 •5Mo03.5H20(?) . . . . 

3U03.5Mo03-nH20. . . . . . 

U02(0H)2 -HjO,!,.. . . 

(U02)e02(0H)g.6H20l, . . . . 

(U02)2[S04](0H)2-4Hn0i . . 

(U02)3lS04l2(0H)2-8H204. . 

(UO2)6lSO4](OH)i0.5H2O4. . 

(UO2)6[SO4](OH),0-12H2Oi . 

U02[Te03]l, .. 

(U02)[U02(Si04)] .2H2OI, . . 

{(U02)3(V208l} -GHgOl,. . . . 

U[Si04l,_x(OH)4^ ....... 

UTesOg.  .... . 

UTigOgi^ ... .......... 

Ui_,TiNtDOe_2^(OH)-- . 

U2UO7.. . . . . 

V 

Vf (H20)i5|S04l3(0H)2 . . . . 

V02<i... 
V203. —. —...., 

VsOsI, ... . 

V204.12- 2.09H2O.. . . 

voouA.... 
VO(OH)2l,. ........... 

VO(OII)3l,. ........... 

V304(0H)4l, ... . . , 

V(S2)2.i. .. 
V^ V 02(011)3 2 . ....... 

V3*v4I03(0II)5J,. ....... 
2V2O4.V2O5-8Il.2O ...... 

w 

(W,Al)8(0,01I)23.nll20 . . . , 

wo(on)4l, .. 
W0.2(0H)2.?, ........... 
WSji. . .. 

Y 

Y[As04l ........................ 508 

Y2(ne2Si208(0H)2ll=................. 446 

YICO3IF... 613 

Y(Fe;U)(Ta,Nb)208A .. 304 

Y(H20)3[C03l3 . ........... 617 

Y(H20)2lP04l^..  557 

YNb04 .  274 

Y(P04l.. 536 

Y2lSi207l. 396 

Y|Si04),_,(0H)4x(?) ..  381 
Y4[Si20710(011)4 .  397 

YTa04 . 274 

YTiNbOg.^..  296 

YTi(Ta,Nb)06l,. 310 

Y[V04l. 493 

YW309(0I1)3. 573 

Zn 

Zn. 194 

ZnAl204 . 284 

ZnAl8(H20)4[P04]4(0H)8i,. 535 

ZnAl2(H20)22(S04l4 .. 598 

Zn3Al3(S04)(0H)i3(H20)2l. 332 

Zn8Al4[Si04l5(OH)8 • 7H20( ? ). .. 458 

ZnAlg[SiO4l5[VO4l2(OH)i4-20H2O(?). 458 

Zn3As2O0. 289 

Zn2(As04l0H. 510 

Zn6AsSe(?). . ..   266 

Zn4[R08104]3SX ................... 360 

ZnlCOjl. 609 

ZneCu4Al4(S04)(OH)3o(H20)2i. 332 

Zn2Cu|As04l2. . .. 509 

ZnCu|C03l(0H)2. . ..  616 

Zn3Cu2[C03l2(0H)g. 616 

(Zn;Cu)3(H20)2(P04l(0H)3. 549 

ZnFe(H20)7|S04]20H. 601 

ZnFer(H20)2o[S04le(OH)2. 601 

ZnFe204.  285 

ZnFe4lP04l3(0H)5. 544 

Zn3(ll20)8(As04l2«^. 523 

Zn2(H20)[As04l0H. 516 

Zn4(H20)3l P04l2(011)2. 549 

Zn(H20)[S04l. 590 

Zn(H20)6|S04l. 591 

Zn(H20)7lS04l. 592 

Zn4(H20)lSi207l(0H)2. 403 

ZnMn204. 287 

ZnMnsO, (1130)3^. 329 

ZnO. 272 

Zn2lP04|0H.. . 540 

ZnS.    222,223 

Zn[S04l. 580 

205840. 266 

ZnSbgOgc^ ..   301 

ZnSe...... . 222 

Zn2lSi04l. 383 

236 

236 

266 

226 

227 

236 

271 

236 

236 

569 

325 

572 

622 

627 

500 

573 

573 

320 

320 

602 

602 

602 

602 

566 

456 

503 

381 

564 

311 

276 

273 

599 

298 

270 

308 

333 

317 

321 

321 

321 

245 

328 

328 

333 

333 

320 

320 

259 
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ZnTi307 .................... 

ZnW04i, 

ZnZn[As04]0H„ , 

Zn3Zn2[C03]2(0H) 

ZnZn2(H20)4[P04l 
6. 

3 
20O . . . . 

278 

302 

510 Zr(H20)4[S04l2. . . . 

615 ZrOj .......... 

532 Zr[Si04l ........ 

Zr3Ti2Oj0 • 2H20( ? ) 

Zr 

590 

270 

381 

333 
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Index of Mineral Names* 

Abernathyite 522 

Ablykite = halloysite (?) 

Absite = Th-brannerite 

Abukumalite = yttrobritholite 

Acanthite 241 

Achavalite 220 

Acmite = Ti-aegirine 

Actinolite 415 

Adamite 510 

Adelite 514 

Adelpholite = samarskite 

Adigeite 457 

Adularia - var. of orthoclase 

Aegirine 410 

Aenigmatite 426 

Aerugite 510 

Aeschynite 296 

Afghanite 349 

Afwillite 435 

Agardite 519 

Aguilarite = Se-argentite 

Ahlfeldite 565 

Aikinite 254 

Ajoite 457 

Akaganeite 318 

Akatoreite = MnjAl2[Si03]3(OH)3( ?) 

Akdalaite 281 

Akermanite = magnesiomelilite 

Akrochordite 518 

Aksaite 483 

Aktashite = (Cu, Hg)2AsS3(?) 

(belongs to tetrahedrite group ?) 

8-Alabandine = hexaalabandine 

Alabandite 220 

Alaite = lenoblite (?) 

Alamosite 412 

Albite = Na-natroplagioclase 

Albritholite 389 

Aldanite = U-thorianite 

Aldzhanite 491 

Alexandrite - Cr-chrysoberyl 

Algodonite 205 

Allactite 512 

Allanite = cerioepidote 

Allargentum 205 

Allcharite - hematite 

Alleghanyite 391 

Allemontite 197 

Allevardite = rectorite 

Allopalladium 198 

Allophane = amorphous A1 silicate 

(Al:Si Ri 1:1) 

Alluaudite 538 

Alluaudite (old) = ferrialluaudite 

Almandine = ferromagferalsilite and fer- 

romanferalsilite 

* Mineral names followed by page numbers are the principal names used throughout 

this book. The index contains many other names (obsolete or less-commonly-used 

names, variant spellings, etc.) which direct one to either a principal name or a lo¬ 

cation where pertinent information may be found. 
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Almeraite 645 

Almeriite = natroalunite 

Alstonite 613 

Altaite 211 

Alum 597 

Alumian = natroalunite 

A luminian ferroanthophyllite = A1 -ferroan- 

thophyllite 

A luminian magnesiochromite = Al-mag- 

nesiochromite 

Aluminian magnetite = A1-ferromagnetite 

Aluminian sepiolite = Al-sepiolite 

Aluminite 599 

Aluminoscorodite - Al-scorodite 

Alumoaeschynite = Al-aeschynite 

Alumoantigorite - A 1-antigorite 

Alumobritholite = albritholite 

Alumochalcosiderite = Al-ferricualfer- 

hyphite 

Alumochromite = Al-ferrochromite 

Alumochrysotile = Al-chrysotile 

Alumocopiapite = Al-copiapite 

Alumoferroascharite = Fe, Al-ascharite 

Alumogoethite = Al-goethile 

Alumohematite = A1-hematite 

Alumohydrocalcite 621 

6-Alumohydrocalcite = alumohydrocal¬ 

cite 

Alumomelanocerite = Al-melanocerite 

Alumonontronite = Al-nontronite 

Alumosaponite = Al-saponite 

Alumotungstite 333 

Alunite 588 

Alunogen 593 

Alurgite = Mn, Si-muscovite 

Aluschtite = mixture of dickite and 

hydromica (?) 

Alvanite 496 

Alvite = Hf, Th-zircon 

Amakinite 316 

Amarantite 599 

Amarillite 596 

Amazonite - green microcline 

Ambatoarinite 627 

Amblygonite 530 

Amblygonite (old) = fluoroamblygonite 

Ameghinite 483 

Ameletite = mixture of sodalite and 

zeolites 

Amesite 443 

Amethyst - var. of quartz 

Aminoffite 447 

Ammersooite = Fe -beidellite 

Ammonioborite 479 

Ammoniojarosite 588 

Ammonium alum = tschermigite 

Ammonium aphthitalite = NH4-glaserite 

Ammonium glaserite = NH4-glaserite 

Amosite = cummingtonite (?) 

Analcime 351 

Anandite 441 

Anapaite 533 

Anatase 293 

Anauxite 457 

Ancylite 620 

Ancylite (old) = strontioancylite 

Andalusite 386 

Andersonite 619 

Andorite 253 

Andradite = ferrigrossular 

Andrewsite 543 

Angaralite = alumoclinochlore 

Angelellite 510 

Anglesite 581 

Anglesobaryte = Pb-bariobaryte 

Anhydrite 581 

Anhydrokainite 606 

Anilite 232 

Animikite = Sb-electrum 

Ankerite = ferrodolomite 

Annabergite = nickelerythrite 

Annite = ferrobiotite 

Annivite = Bi-arsenotetrahedrite 

Anophorite = Ca, Al-arfvedsonite 

Anorthite = Ca-calcioplagioclase 

Anorthoclase = Na-microcline 

Antarcticite 639 

Anthoinite 572 

Antholite = Na-anthophyllite 

Anthonyite 325 

Anthophyllite 414 

Antigorite 431 

Antimony 197 

Antimonite = stibnite 
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Antlerite 585 

Apatelite = jarosite (?) 

Apatite 541 

Aphrosiderite = var. of daphnite 

Aphthitalite = glaserite 

Apjohnite 598 

Aplome = Al-ferrigrossular 

Aplowite 602 

Apophyllite 433 

Aquacreptite Mg, Fe^'^-kaolinite 

Aquamarine ^ blue var. of beryl 

Araeoxene = As-descloizite 

Aragonite 610 

Arakawaite = veszeliite 

Aramayoite 238 

Arandisite = colloidal mixture of SnOj and 

SiOj 

Arcanite 583 

Ardealite 557 

Ardennite 406 

Arfvedsonite 416 

Argentite 233 

a-Argentite = acanthite 

3 -Argentite = argentite (cubic) 

Argentojarosite 588 

Argentopentlandit = Ag-pentlandite 

Argentopyrite 226 

Argyrodite 231 

Argyrodite (old) = germanoargyrodite 

Argyropyrite = impure sternbergite 

Arite = Sb-niccolite 

Arizonite = variously altered ilmenite 

Armalcolite 304 

Armangite 289 

Armenite 380 

Arnimite = antlerite (?) 

Aromite 606 

Arquerite = kongsbergite 

Arrojadite 538 

Arrojadite (old) = ferroarrojadite 

Arsenargentite = huntilite (?) 

Arsenatapatit = svabite 

Arsenate-belovite = F-talmessite 

Arsenic 197 

Arseniopleite 52 5 

Arseniosiderite 525 

Arsenobismite 517 

727 

Arsenoclasite 511 

Arsenoferrite = lOllingite 

Arsenolamprite 198 

Arsenolite 297 

Arsenopalladinite 205 

Arsenopyrite 245 

Arsenostibite - As-stibiconite 

Arsenotellurite 216 

Arsenothorite = As-thorite (metamict) 

Arsenouranocircite = metaheinrichite 
Arsenpolybasite = arsenopolybasite 

Arsenrbsslerite = rbsslerite 

Arsensulvanite = arsenosulvanite 

Arsenuranylite 524 

Arsenvanadinit = As04-vanadinite 

Arthurite 517 

Artinite 620 

Arzrunite 650 

Asbecasite 390 

Ascharite = szaibelyite 

Ashkroftine 433 

Aschtonite - mordenite 

Astrakhanite 595 

Astrolite 458 

Astrophyllite 452 

Astrophyllite (old) = ferroastrophyllite 

Atacamite 648 

Atelestite 510 

Athabascaite 232 

Atopite = Na, Mn-romdite 

Attacolite 544 

Auerlite = P04-thorite 

Augelite 539 

Augite 424 

Auramalgam = goldamalgam 

Aurichalcite 616 

Auricupride = tricuproaurite 

Aurorite 333 

Aurosmirid = Au, Os-iridite 

Aurostibite 206 

Austinite 514 

Autunite 555 

Avelinoite 551 

Avicennite 271 

Avogadrite 665 

Awaruite = Fe-nickel 

Axinite 371 
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Azoproite 467 

Azovskite 561 

Azurite 615 

Babefphite 554 

Babingtonite 411 

Baddeleyite 270 

Bafertisite 450 

Bakerite = B-datolite 

Balavinskite 491 

Bambolaite = CuFeSe2 (belongs to chalco- 

pyrite group) 

Banalsite 344 

Bandylite 490 

Bannisterite 437 

Baotite 364 

Bararite 668 

Barbertonite 331 

Barbosalite 544 

Bariandite = VO2 • 2V2O5 • 6H2O 

Baricalcite = Ba-calcite 

Barioheulandite = Ba - heulandite 

Bariomuscovite = Ba-muscovite 

Barium-alumopharmacosiderite 507 

Barium lamprophyllite = Ba-lamprophyl- 

lire 

Barium-pharmacosiderite 507 

Barium strontianite = Ba-strontianite 

Barium urauophane = Ba-uranophane 

Barkevikite 425 

Barkevikite (old) = ferroalumobarkevikite 

Barnesite 500 

Barocalciti = Ba-calcite 

Barranditf = Al-ferrivariscite 

Barringtonite 617 

Barroisite = Ca-magnesiocarinthine 

Barsanovite 369 

Barthite = Cu-austinite 

Barylite 359 

Barysilite 401 

Baryte 581 

Baryte (old) = bariobaryte 

Barytocalcite 613 

Barytocelestine = baryte 

Barytolamprophyllite 451 

Basaltic hornblende 425 

Basaluminite = hexafelsbbanyite 

Basanomelane = Fe^^, Ti-hematite 

Bassanite 590 

Bassetite 556 

Bastinite = Li-hureaulite 

Bastnasite 613 

Batavite = A1-vermiculite 

Batisite 365 

Baumhauerite 235 

Bavenite 360 

Bayerite 323 

Bayldonite 513 

Bayleyite 625 

Bazzite 375 

Bearsite 519 
Beaverite 588 

Beckelite = britholite 

Becquerelite 327 

Bedenite = Ca, Al-anthophyllite 

Befanamite = Zr-thortveitite 

Behierite 465 

Behoite 316 

Beidellite = Al-montmorillonite 

Bellingerite 630 

Bellite 576 

Belovite 545 

Belyankinite 458 

Bementite 430 

Benitoite 362 

Benjaminite 238 

Benstonite 612 

Beraunite 548 

Berborite 469 

Berezovite 577 

Berezovskite = Al-ferrochromite 

Bergamaskite - mixture of amphibole, 

calcite, and vermiculite 

Bergenite 559 

Berlinite 529 

Bermanite 550 

Berndtite 259 

Berryite 254 

Berthierine 443 

Berthierite 249 

Bertossaite 544 

Bertrandite 401 
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Beryl 375 

Beryllite 403 

Beryllium margarite = Be-margarite 

Beryllium orthite = Be-cerioepidote (part), 

Be-yttrepidote (part) 

Beryllium tengerite 627 

Beryllium-vesuvianite = Be-idocrase 

Beryllonite 529 

Berzelianite 232 

Berzeliite 509 

Betafite 276 

Betekhtinite 258 

Betpakdalite 570 

Beudantite 513 

Beusite 537 

Beyerite 623 

Bialite = wavellite 

Bianchite = Fe-zinhexahysite 

Bidalotite = Al-ferrohypersthene 

Bideauxite 649 

Bieberite 592 

Bikitaite 346 

Bilibinite = coll, mixture of UO2, UO3, 

PbO, CaO, and Si02 

Bilinite 598 

Billietite 327 

Billingsleyite 231 

Bindheimite 277 

Binnite = Ag, Zn-arsenotetrahedrite 

Biotite 443 

Biringuccite 479 

Birnessite 333 

Birunite 458 

Bisbeeite = var. of plancheite 

Bischofite 639 

Bismite 271 

Bismoclite 653 

Bismuth 197 

Bismuthaurite = Bi-electrum 

Bismuthinite 246 

Bismuthmicrolite = Bi-microlite 

Bismuth-skutterudite = Bi-skutterudite 

Bismutite 623 

Bismutoferrite 390 

Bismutotantalite 274 

Bityite 448 

Bixbyite 271 

Bixbyite (old) = Fe-bixbyite 

Black wiikite = euxenite 

Blakeite 567 

Blanfordite = var. of aegirine 

Blende 192 

Blixite 654 

Blockite - penroseite 

Blddite = astrakhanite 

Blomstrandine = Ti-priorite 

Blomstrandite = Ta-betafite 

Bobierrite 558 

Bobrov kite = Fe-nickelite 

Boehmite 322 

Bogdanovichite 266 

Boggildite 666 

Bokite 504 

Boleite 649 

Bolivarite 561 

Bolivianite 266 

Boltwoodite 456 

Bonattite 590 

Bonchevite 250 

Boothite 592 

Boracite 463 

a-Boracite = boracite 

6 -Boracite 462 

Borax 478 

Borcarite 474 

Bordosite = kongsbergite gaurite 

Borgniezite = glaucophane 

Borickite 562 

Bornhardite 223 

Bornite 231 

Boronatrocalcite = ulexite 

Bort - var. of diamond 

Bosjemanite = Mn-magnesiohalotrichite 

Bosphorite = ferrivivianite 

Botallackite 648 

Botryogen 601 

Boulangerite 253 

Bournonite 237 

Boussingaultite 595 

Bowleyite = bityite 

Bracewellite 317 

Brackebuschite 497 

Bradleyite = Na3Mg[P04][C03] (belongs to 

brazilianite group ?) 



730 MINERAL NAMES 

Braggite 221 

Braitschite 487 

Brammallite 445 

Brandisite = Fe-xanthophyllite 

Brandtite 519 

Brannerite 311 

Braunite 287 
Bravaisite - hydromuskovite 

Bravoite = Ni-pyrite 

Brazilianite 545 

Bredigite 386 

Breislakite = ferroludwigite 

Breithauptite 203 

Breunnerite = Fe-magnesiomagfercite 

Brewsterite 353 

Briartite 228 

Britholite 389 

Britholite (old) = ceriobritholite 

Brochantite 585 

Brockite 546 

Broggerite “ Th-uraninite 

Bromargyrite = bromcerargyrite 

Bromchlorargyrite = cerargyrite 

Bromellite 272 

Bronzite = Fe-magnesiohypersthene 

Brookite 309 

Brownmillerite 289 

Brucite 324 

Brugnatellite 331 

Brunsvigite = Al-ferrochamosite-2T 

Brushite 557 

Buddingtonite 346 

Buergerite 377 

Bukovskite 525 

Bultfonteinite 422 

Bungonite - kammererite 

Bunkolite - amorphous hydrous manganese 

silicate (Japan) 

Bunsenite 271 

Burbankite 611 

Burkeite 589 

Bursaite 266 

Bustamite 410 

Butlerite 599 

Butschliite = carbonate of K and Ca, al¬ 

teration product of wood ash (not a 

mineral) 

Buttgenbachite 650 

Byssolite - var, of amphibolte 

Bystromite 301 

Cabrerite - Mg-nickelerythrite 

Cacoclasite = mixture of garnet, calcite, 

apatite, etc. 

Cacoxenite 548 

Cadmium rhodochrosite = Cd-mangano- 

rnanfercite 

Cadmoselite 223 

Cadwaladerite 659 

Caesiumkupletskite 452 

Cafarsite 514 

Cafetite 319 

Cahnite 470 

Ca-hureaulite 547 

Calafatite - alunite 

Calamine 403 

Calaverite 210 

Calciborite-I 480 

Calciborite-II 480 

Calcimangite = Mn-calcite 

Calcioaegirine = Ca-aegirine 

Calciobaryt = Ca-bariobaryte 

Calciocelestine = Ca-strontiobarite 

'Calciocopiapite = calcocopiapite 

Calcioferrite 550 

Calciogadolinite 446 

Calciohureaulite = Ca-hureaulite 

Calciolazulith = Ca-lazulite 

Calciorhodochrosite = Ca-manganoman- 

fercite 

Calciosamarskite = Ca-samarskite 

Calciostrontianite = Ca-strontianite 

Calciotalc 430 

Calciotantalite = mixture of microlite and 

tantalite 

Calciothorite = Ca-thorite 

Calciovolborthite = tangeite 

Calcite 609 

p -Calcite = vaterite 

Calcium-barium mimetite = Ca, Ba- 

arsenomimetite 

Calcium catapleiite = calciocatapleiite 
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Calcium hilgardite-2M (Cc) = liilgardite 

Calcium liilgardite-3Tc = parahilgardite 

Calcium jarosite = Ca-jarosite 

Calcium larsenite = esperite 

Calcium pyromorphite = Ca-phosphoro- 

mime tite 

Calcium seidozerite = Ca-seidozerite 

Calciumsiderit = Ca-ferromagfercite 

Calcium smithsonite = Ca-smithsonite 

Calcium spherocobaltite = Ca-cobalcite 

Calcjahrlite = NaCa2Al2(OH)Fjg (belongs to 

jahrlite group) 

Calcmanalsilite 382 

Calcocopiapite 601 

Calcoxite = lime 

Calcurmolite 572 

Calcursilite 457 

Calcybeborosilite 437 

Calderite 382 

Caledonite 589 

Calkinsite (618) 

Callaghanite 620 

Callainite = alumovariscite 

Calomel 642 

Calumetite 325 

Calzirtite 278 

Canasite = kanasite 

Canbyite = hisingerite 

Cancrinite 349 

Cancrinite (old) = carbonate-cancrinite 

Canfieldite = stannoargyrodite 

Cannizzarite 250 

Cappelenite 423 

Caracolite 589 

Carboborite 475 

Carbocernaite 611 

Carbonado - var. of diamond 

Carbonate-cyanotrychite 332 

6-Carborundum 199 

Cardenite 446 

Carletonite 433 

Carminite 513 

Carnallite 640 

Carnotite 503 

Carobbiite 661 

Carpholite 413 

Carpholite (old) = manganocarpholite 

Carphosiderite 588 

Carrollite 223 

Caryinite 509 

Caryocerite = Th-yttromelanocerite 

Caryopilite 431 

Cassidyite 553 

Cassiterite 297 

Castaingite 262 

Catapleiite 368 

f.atapleiite (old) = natrocatapleiite 

Catophorite = Ca, Al-arfvedsonite 

Catoptrite - katoptrite 

Cattierite 243 

Cavansite 437 

Cebollite 458 

Celadonite = ferriglauconite 

Celestine = strontiobaryte 

Celsian 344 

Cenosite = kainosite 

Centrallassite = gyrolite 

Cerargyrite 637 

Cerasite = cordierite 

Cerfluorite = Ce-fluorite 

Cerianite 269 

Cerite 389 

Cerium aragonite = Ce-aragonite 

Cerium goyazite = Ce-goyazite 

Cerolite = mixture of serpentine and 

stevensite 

Cerotungstite 572 

Cerphosphorhuttonite 381 

Ceruldite 517 

Cerussite 610 

Cervantite 274 

Cesarolite 319 

Cesiobiotite = Cs-biotite 

Ceylonite = magnesiospinel 

Chabazite 351 

Chacaltaite amorphous muskovite 

Chalcalumite 332 

Chalcanthite 591 

Chalcobornite = intergrowth of CuFeS2 

and bornite (decomposition of an iso- 

morphous system) 

Chalcocyanite 580 

Chalcomenite 565 
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Chalconatronite 619 

Chalcopentlandite = intergrowth of CuFeS2 

and pentlandite (decomposition of iso- 

morphous system) 

Chalcophanite 329 

Chalcophyllite 525 

Chalcopyrite 227 

Chalcopyrrhotine = intergrowth of CuFeS2 

and FeS (decomposition of isomorphous 

system) 

Chalcosiderite = ferricualferhyphite 

Chalcosine 241 

a-Chalcosine - chalcosine 

y -Chalcosine = hexachalcosine 

Chalcostibite 255 

Chalcothallite 266 

Chalmersite = cubanite 

Chalypite 201 

Chambersite 463 

6-Chambersite 462 

Chamosite 444 

Chamosite (old) = Fe-alumochamosite 

Chanarcilite 208 

Chapmanite 390 

Chathamite = Fe-nickel-skutterudite 

Chelcarite 491 

Chenevixite 518 

Cheralite = Ca, Th, U-monazite 

Chernovite 508 

Chervetite 498 

Chevkinite 397 

Chiastolite = var. of andalusite 

Childrenite = ferroeosphorite 

Childro-eosphorite = Mn-ferroeosphorite 

or Fe-manganoeosphorite 

Chilenite = Bi-argentoelectrum 

Chile-lbveite - humberstonite 

Chillagite = W04-wulfenite 

Chiolite 668 

Chkalovite 359 

Chloanthite = nickel-skutterudite (?) 

Chloraluminite 638 

Chlorapatite 541 

Chlorargyrite = chlorcerargyrite 

Chloritoid 428 

Chlormanganokalite 641 

Chlormelanite = Na, Al, Fe-diopside 

Chlorocalcite 637 

Chloromagnesite 644 

Chlorophoenicite 514 

Chlorospinel = Fe^'^'-magnesiospinel 

Chlorothionite 588 

Chlorotile 519 

Christophite = Fe-sphalerite 

Chloroxiphite 656 

Chondrodite 391 

Chromamesite = Ct-amesite 

Chromantigorite = Cr-antigorite 

Chromatite 575 

Chrome-augite = Cr-augite 

Chrome-ceylonite = Cr-magnesiospinel 

Chrome-clinochlore = Cr-clinochlore 

Chrome-diaspore = Cr-diaspore 

Chrome-diopside = Cr-magnesiodiopside 

Chrome-halloysite = Cr-halloysite 

Chrome-kaolinite = Cr-kaolinite 

Chrome-magnetite = Cr-ferromagnetite 

Chrome-muscovite = Cr-muscovite 

Chrome-tourmaline = Cr-schorlite 

Chrome-vesuvian = Cr-idocrase 

Chromezoisite = Cr-zoisite 

Chrominium 577 

Chromite 285 

Chromite (old) = ferrochromite 

Chromium hercynite = Cr-ferrospinel 

Chromium magnetite = Cr-ferromagnetite 

Chrompicotite = Al-chromite 

Chromrutile = redledgeite 

Chromspinel = Cr-magnesiospinel 

Chrysoberyl 283 

Chrysocolla = colloidal plancheite or 

shattukite 

Chrysotile 431 

Chudobaite 516 

Chukhrovite 664 

Churchite 557 

Cinnabar 248 

Cirrolite 544 

Clarkeite 333 

Claudetite 309 

Clausthalite = selenogalena 

Cleveite = Y, Ce-uraninite 
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Cliffordite 564 

Clinobarrandite = Al-phosphosiderite 

Clinochevkinite = chevkinite with doubled 

parameter (?) 

Clinochlore 444 

Clinochlore (old) = Al-magnesioclinochlore 

Clinoclase 511 

Clinocryptomelane 305 

Clinoenstatite = magnesioclinohypersthene 

Clinoferrosilite = ferroclinohypersthene 

Clinohedrite 395 

Clinohollandite 305 

Clinoholmquistite 414 

Clinohumite 391 

Clinohypersthene 408 

Clinohypersthene (old) = magnesioclino¬ 

hypersthene 

Clinopyrrhotine 225 

Clinsholmquistite 414 

Clinosklodowskite = sklodowskite 

Clinostrengite 531 

Clinosymplesite 523 

Clinoungemachite 600 

Clinovariscite 531 

Clinowollastonite 410 

Clinozippeite 602 

Clinozoisite 404 

Clintonite = polymorphic var, of xantho- 

phyllite 

Coalingite 331 

Cobalt calcite = Co-calcite 

Cobalt-cabrerite = Mg-cobalterythrite 

Cobalt dolomite = Co-magnesiodolomite 

Cobaltite 244 

Cobalt magnesite = Co-magnesiomag- 

fercite 

Cobaltocalcite 609 

Cobaltomenite 565 

Cobalt pentlandite 226 

Cobalt pyrite = Co-pyrite 

Cobalt siderite = Co-ferromagfercite 

Cobaltsmithsonite = Co-smithsonite 

Coccinite 645 

Coccolite = Fe^‘*'-magnesiodiopside 

Cocinerite = mixture of chalcosine, 

silver, and cuprite 

Coconinoite 559 

Coelestine = strontiobaryte 

Coeruleolactite 549 

Coesite 293 

Coffinite 381 

Cohenite 201 

Colemanite 482 

Collieite = V04-mimetite 

Collinsite 553 

Coloradoite 211 

Columbite 303 

Columbite (old) = niobiocolumbite 

Colusite = Sn-arsenosulvanite 

Combeite 3 78 

Compreignacite 32 7 

Conichalcite 514 

Connarite = Ni-antigorite 

Connelite 650 

Cookeite 444 

Cooperite 221 

Copiapite 601 

Copiapite (old) = ferrocopiapite 

Copper 193 

Copperas - melanterite 

Copper heterogenite = Cu-heterogenite 

Copper smithsonite = Cu-smithsonite 

Copper spherocobaltine = Cu-cobalcite 

Coquimbite 593 

Cordierite 376 

Cordylite 616 

Corkite 543 

Cornetite 540 

Cornubite 511 

Cornwallite = erinite 

Coronadite 305 

Coronguite = Ag-bindheimite 

Corrensite = interlayer mixture of 

vermiculite and chlorite with ratio 1:1 

Corundophilite = Al-alumoclinochlore 

Corundum 270 

Corvusite 502 

Corvusite (old) = natrocorvusite 

Cosalite 252 

Cossyrite = Fe -aenigmatite 

Costibite 243 

Cotunnite 636 
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Coulsonite 285 

Cousinite 572 

Covelline 265 

(Irandallite 543 

Crednerite 313 

Creedite 657 

Crichtonite 280 

Cristobalite 292 

6-Cristobalite 292 

fi-Cristobalite = cubocristobalite 

Crocidolite = var, of riebeckite 

Crocoite 575 

Cronstedtite 443 

Crookesite 233 

Crossite = glaucophane (new) 

Cryolite 666 

Cryolithionite 663 

Cryophyllite = Fe-lepidolite 

Cryptohalite 665 

Cryptomelane 305 

Cryptomorphite = ginorite 

Csiklovaite 216 

Cubanite 226 

Cubochalcopyrite = talnakhite 

Cumengeite 649 

Cummingtonite 414 

Cuplumbisulite 212 

Cuprite 294 

Cuproadamin = Cu-adamite 

Cuproauride = Cu-auroargaurite 

Cuproaurite 194 

Cuprobismutite 255 

Cuprocopiapite 601 

Cuprodescloizite = cupridescloizite 

Cuprogoslarite = Cu^^-goslarite 

Cuproiodargyrite = Ag-marshite 

Cuprojarosite = Cu, Mg-melanterite 

Cuprokirovite = Mg, Cu-melanterite 

Cupromelanterite = Cu-melanterite 

Cuproplatinum = Cu-platinite 

Cuprorivaite 427 

Cuprorivaite = cupririvaite 

Cuprosaponite - Cu^‘'‘-saponite 

Cuproscheelite = Cu^’^'-scheelite 

Cuprosklodowskite 455 

Cuprostibite 205 

Cuprotungstite 571 

Cuprozincite = Zn-malachite(rosasite) 

Curienite 503 

Curite 327 

Cuspidine 402 

Custerite = OH-cuspidine 

Cyanite - kyanite 

Cyanochroite 595 

Cyanotrichite 332 

Cyclowollastonite 370 

Cylindrite 263 

Cymrite 350 

Cyprine = Cu-idocrase 

Cyrilovite = avelinoite 

Cyrtolite = IT, Th-zircon (metamict) 

Dachiardite 358 

Dadsonite 253 

Dahllite 541 

Dakeite = schrOckingerite 

Dalyite 364 

Danaite = Co-arsenopyrite 

Danalite 360 

Danburite 343 

Dannemorite = Mn-cummingtonite 

Daphnite = Fe-alumochamosite-2T 

Darapskite 634 

Dashkesanite = Cl-ferroferribarkevikite 

Datolite 437 

Daubrdeite = OH-bismoclite 

Davidite 280 

Daviesite = calamine 

Davyne 349 

Dawsonite 621 

Deerite 416 

Dehrnite = Na-fiuorapatite 

Delafossite 313 

Delessite = Mg-ferrochamosite 

Delhayelite 434 

Dellaite 458 

Dellatorreite = todorokite 

Delorenzite = tantaloeuxenite 

Delrioite 499 

Deltaite = mixture of crandallite with 
hydroxy lapatite 
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Delvauxite 562 

Demantoid = Cr-ferrigrossular 

Demesmaekerite 567 

Denningite 564 

Derbylite 313 

Descloizite 494 

Descloizite (old) = zincdescloizite 

Desmine = stilbite 

Despujolsite 599 

Destinesite - diadochite 

Devilline 605 

Deweylite = mixture of stevensite and 

lizardite (?) 

Dewindtite 559 

Diabantite “ Fe-magnesioclinochlore 

Diaboleite 656 

Diadochite = As04-pitticite 

Diamond 192 

Diaphorite 237 

Diaspore 317 

Dickinsonite = manganoarrojadite 

Dickite 431 

Didymolite = calcioplagioclase 

Dienerite 205 

Dietrichite 598 

Dietzeite 630 

Digenite 232 

Dillnite = F-zunyite 

Dimorphite 242 

Diopside 409 

Diopside (old) = magnesiodiopside 

Diopside-jadeite “ Na, Al-magnesiodiop- 

side 

Dioptase 378 

Dipyre = natroscapolite 

Disthene = kyanite 

Dittmarite 562 

Dixenite 390 

Dixyite 458 

Djalmaite = U-microlite 

Djerfisherite 226 

Djurleite 233 

Dognacskaite 254 

Dolerophane 585 

Dolomite 612 

Dolomite (old) = magnesiodolomite 

Doloresite 321 

Domeykite 205 

o;-Domeykite = domeykite 

fl-Domeykite 205 

y-Domeykite = algodonite 

Donbassite 443 

Douglasite 641 

Doverite = Y-synchysite 

Dravite = magnesioschorlite 

Dresserite 621 

Dudgeonite = Ca-nickelerythrite 

Dufrenite 543 

Dufrenoysite 235 

Duftite 514 

a-Duftite = duftite 

0-Duftite = Ca-duftite 

Dumontite 559 

Dumortierite 392 

Dumreicherite 606 

Dundasite 621 

Dunhamite 567 

Durangite 514 

Dussertite 513 

Duttonite 321 

Dypingite 620 

Dysanalyte = Nb-perovskite 

Dyscrasite 205 

Dysluite = Fe^^-gahnite 

Dzhallindite 315 

Dzhezkazganite 266 

Dzhulukulite = Ni-cobaltite 

Eakerite = Ca2Sn[AlSi308]2(0H)5 

(belongs to ussingite group) 

Eardleyite 331 

Eastonite = Al-magnesiobiotite 

Ecdemite 656 

Eckermannite 416 

Edenite 425 

Edingtonite 356 

Eglestonite 648 

Eichbergite 266 

Eichwaldite = jeremejevite 

Eisenrhodochrosit = manganomanfercite 

Eitelite 613 



136 
MINERAL NAMES 

Ekanite 374 

Ekdemite = ecmanite 

Ekmanite 436 

Ektropite = caryopilite 

Elbaite 377 

Elbaite (old) = alumoelbaite 

Electrum 193 

Electrum = argaurite 

Eleonorite = braunite 

Elizavetinskite = Co, Ni-lithiophorite 

Ellestadite 389 

Ellsworthite = Ca-betafite 

Ellweilerite = naurasphyllite (?) 

Elpasolite 663 

Elpidite 369 

Embolite = cerargyrite 

Emerald = Cr-beryl 

Emmonite = Ca-strontianite 

Emmonsite 567 

Emplectite 255 

Empress!te 211 

Enalite = U-thorite 

Enargite 229 

Endelllte = hydrohaloysite 

Endlichite = ASO4 -vanadinite 

Englishite 558 

Enstatite = magnesiohypersthene 

Enterolite = Fe-bobierrite 

Eosite = U04-wulfenite 

Eosphorite 534 

Eosphorite (old) = manganoeosphorite 

Ephesite = Na-margarite 

Epidesmine = desmlne 

Epidesmine = stilbite 

Epididymite 448 

Epidote 405 

Epigenite 266 

Epiianthinite = schoepite 

Epistilbite 353 

Epistolite 454 

Epsomite 592 

Eremeevite = jeremejeviie 

Ericaite 463 

a-Ericaite = ericaite 

0-Ericaite 462 

Ericssonite 398 

Erikite (of B0ggild) = altered monazite 

(part), rhabdophane (part) 

Erinite 511 

Eriochalcite 638 

Erionite 358 

Erlichmanite = OSS2 (belongs to pyrite 

group) 

Ernstite = (Mnjt^e^'*’)Al[P04](OH)2-xOx 

(belongs to lazulite group) 

Erythrite 523 

Erythrite (old) = cobalterythrite 

Erythrosiderite 641 

Erythrozincite = Mn-wurtzite 

Eschwegeite = euxenite 

Eskebornite 229 

Eskolaite 270 

Esperite 358 

Etmanite = yeatmanite 

Ettringite 600 

Eucairite 241 

Euchlorine 606 

Euchroite 516 

Euclase 387 

Eucolite = Mn, Fe-eudialyte (?) 

Eucrasite = metamict mixture of Th02, 

FeOj, Ce203, Si02, etc 

Eucryptite 383 

Eudialyte 369 

Eudidymite 362 

Eulytine 341 

Euxenite 310 

Euxenite (old) = niobioeuxenite 

Evansite 549 

Eveite 510 

Ewaldite 613 

Ezcurrite 485 

Fabianite 487 

Faheyite 553 

Fairchildite = K and Ca carbonate, 

alteration product from wood ash 

(not a mineral) 

Fairfieldite 553 

Fairfieldite (old) = manganofairfieldite 

Famatinite = stibioluzonite 
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Farallonite 573 

Fassaite 424 

Fassaite (of Werner) = Ca-augite 

Faujasite 353 

Fauserite 592 

Faustite 535 

Fayalite = Fe-ferroolivine and Fe- 

ferroknebelite 

Fedorite = (K, Ca){Na[AlxSi4-x09]OH} • 

I.5H2O (belongs to calciotalc group) 

Feitknechtite 322 

Felsobcinyite 599 

Femolite 262 

Fenaksite 421 

Fenghuangite = metamict Th-britholite 

Ferberite = Fe-ferrowolframite 

Ferdisilicite 200 

Ferganite 503 

Fergusonite 274 

Fergusonite (old) = yttriofergusonite 

a-Fergusonite = fergusonite 

6-Fergusonite 274 

Fermorite 541 

Fernandinite = calciocorvusite 

Ferrazite = (Ba, Pb)3[P04]2- 8H2O (?) 

(belongs to phosphoferrite group) 

Ferrialunogen = Fe^^-alunogen 

Ferribraunite = Fe^'''-braunite 

Ferric chloride hexahydrate = hydromolysite 

Ferrichromite = Fe^ ^-chromite 

Ferricopiapite = Fe^’*'-copiapite 

Ferrierite 355 

Ferrifayalite = Fe^ -ferroolivine 

Ferrigehlenite = Fe^'^'-alumomelilite 

Ferrihalloysite = Fe^’^'-halloysite 

Ferrihastingsite = ferroferribarkevikite 
o -j- 

Ferriilmenite = Fe -ilmenite 

Ferrimolybdite 570 

Ferrimontmorillonite = Fe^'^'-mont- 

morillonite 

Ferrimuscovite = Fe -muscovite 

Ferrinatrite 594 

Ferripalygorskite = Fe^^-palygorskite 

Ferriphlogopite = Fe -phlogopite 

Ferrisaponite = Fe -saponite 

Ferrisepiolite = Fe^'^'-sepiolite 

Ferrisicklerite = subspecies of sicklerite 

Ferrisymplesite = Fe^’'’-symplesite 

Ferrithorite = metamict mixture of 

Th02, Fe203, Si02, etc 

Ferritungstite 570 

Ferroactinolite 415 

Ferroantigorite = Fe-antigorite 

Ferroaugite = Fe-augite 

Ferrobrucite = Fe-brucite 

Ferrocalcite = Fe-calcite 

Ferrochromite = Fe-ferrochromite 

Ferrochrysotile = Fe-chrysotile 

Ferrocobaltine = Fe-cobaltine 

Ferroedenite = Fe-edenite 

Ferrofranklinite = Fe-ftanklinite 

Ferrofriedelite = Fe-pyrosmalite 

Ferrogedrite 425 

Ferrogoslarite = Fe^’^'-goslarite 

Ferrohastingsite = ferroalumobarkevikite 

Ferrohexahydrite 591 

Ferrojohannsenite = Fe-johannsenite 

Ferrolizardite = Fe-lizardite 

Ferropicotite = Cr-magnesiospinel 

Ferroplatinum 193 

Ferrorhodochrosite = Fe-manganomanfer- 

cite 

Ferrorichterite = Fe^’^'-richterite 

Ferrosalite = Mg-ferrodiopside 

Ferroselite 243 

Ferrosilite = ferrohypersthene 

Ferrosmithsonit = Fe-smithsonite 

Ferrotantalite = ferrotantalocolumbite 

Ferrotellurite 567 

Ferrotennantite = Fe-arsenotetrahedrite 

Ferrotetrahedrite = Fe-stibiotetra- 

hedrite 

Ferrotremolite = Fe^'^-tremolite 

Ferrovonsenite = ferroludwigite 

Ferrowollastonite = Fe-wollastonite 

Ferrozincrhodocrosite = Zn, Fe-man- 

ganomanfercite 

Ferruccite 665 

Fersilicite 200 

Fersmanite 388 

Fersmite 310 

Ferutite = davidite 
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Fervanite 500 

Fibroferrite 599 

Fiedlerite 654 

Fillowite 538 

Finnemanite 289 

Fizelyite 253 

Fleischerite (of Frondel and Strunz)599 

Fleischerite (of Gagarin and Cuomo) = 

wurtzite-6H 

Flinkite 514 

Flore ncite 543 

Fluellite 549 

Fluoborite 469 

Fluoborite (old) = hydroxylfluoborite 

Fluocerite = tysonite 

Fluorantigorite = F-antigorite 

Fluorite 661 

Fluortremolite = F-tremolite 

Forbesite 525 

Foresite = mixture of stilbite and cooke- 

ite 

Formanite 274 

Fornacite 576 

Forsterite = Mg-magnesioolivine 

Foshagite 417 

Foshallassite = OH-zeophyllite 

Foucherite 562 

Fourmarierite 327 

Fowlerite = Fe, Zn-rhodonite 

Fraipontite 458 

Francevillite 503 

Franckeite 263 

Francolite = carbonate-fluorapatite 

Franklinite 285 

Freboldite 220 

Fredericite = Ag-arsenotetrahedrite 

Freiberg ite = Ag-stibiotetrahedrite 

Freieslebenite 237 

Freirinite = lavendulan 

Fremontite = natromontebrasite 
Fresnoite 449 

Freudenbergite 280 

Freyalite = Ce-thorite 

Friedelite = pyrosmalite-211 

Frieseite = impure sternbergite (?) 

Frigidite = Ni-stibiotetrahedrite 

Fritzscheite 556 

Frohbergite 213 

Frolovite 471 

Frondelite = manganorockbridgeite 

Froodite 207 

Fuchsite = Cr-muscovite 

Fukuchilite 243 

FOldppite 234 

Fynchenite = Th-britholite 

Gabrielsonite 514 

Gadolinite 446 

Gagarinite 662 

Gageite 407 

Gahnite 284 

Gahnospinel = Zn-magnesiospinel 

Gajite = mixture of calcite with brucite 

Galaxite 284 

Galeite 586 

Galena 220 

Galena (old) = sulfogalena 

Galenite = galena 

Galenobismutite 250 

Galenobornite = Pb-bornite 

Gallite 227 

Gamagarite 497 

Ganomalite 401 

Ganophyllite 437 

Garnierite = Ni-antigorite 

GarreIsite 486 

Garronite 355 

Gaspeite 609 

Gastaldite = Al-magnesioalumoglau- 

cophane 

Gaudefroyite 470 

Gaylussite 619 

Gearksite = gearksutite 

Gearksutite 653 

Gedrite 425 

Gehlenite = alumomelilite 

Geikielite = magnesioilmenite 

Genthelvite 360 

Geocronite = stibiojordanite 

Georgiadesite 511 

Gerasimovskite 333 

Gerhard ite 633 
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Germanite 231 

Gersbyite = lazulite 

Gersdorffite 244 

Gerstleyite 266 

Getchellite 259 

Geversite 206 

Geyerite = S-lollingite 

Ghassoulite = Mg-vermiculite 

Giannettite = lavenite (?) 

Gibbsite 323 

Giessenite 252 

Gillespite 427 

Gilpinite = johannite 

Ginorite 480 

Giorgiosite = hydromagnesite (?) 

Gismondite 355 

Gladite 254 

Glaserite 583 

Glauberite 584 

Glaucochroite 385 

Glaucodot 245 

Glaucokerinite 332 

Glauconite 442 

Glaucophane 416 

Glaucophane (old) = magnesio- 

alumoglaucophane 

Glaucopyrite = Co-lbllingite 

Glaucosiderite = vivianite 

Glottalite - chabasite 

Glucine 553 

Gmelinite 351 

Godlevskite 221 

Goethite 317 

Gold = auroelectrum 

Goldamalgam 195 

Goldfieldite = Te-stibiotetrahedrite 

Goldichite 595 

Goldmanite 382 

Gonnardite 355 

Gonyerite 444 

Gorceixite 543 

Gordonite 560 

Gorgeyite 594 

Goshenite = Cs, Mn-beryl 

Goslarite 592 

Gotzenite 398 

Gourdite = narsarsukite 

Gowerite 483 

Goyazite 543 

Graftonite 537 

Grandidierite 392 

Grandite = grossular 

Grangesite - Mn-brunsvigite 

Grantsite 502 

Graphite 197 

Gratonite 236 

Grayite = smirnovskite (?) 

Greenalite 431 

Greenockite 223 

Greenovite = Mn-sphene 

Greigite = melnikovite 

Greinerite = Mn-magnesiodolomite 

Griffithite - Fe^’''-saponite 

Grimaldiite 322 

Griphite 545 

Grossular 382 

Grossular (old) = alumogrossular 

Grothine = harstigite 

Grothite = Al, Fe-sphene 

Groutite 317 

Grovesite 443 

Grunerite = ferrocummingtonite 

Griinlingite 216 

Griinlingite = sulfojoseite (?) 

Guadalcazarite = Zn-metacinnabarite 

Guanajuatite 246 

Guanite = struvite 

Guarinite 399 

Gudmundite 245 

Guerinite 520 

Guettardite 253 

Gugiaite 447 

Guildite 601 

Guilleminite 567 

Gilmbelite = Mg-hydromuscovite 

Gummite = mixture of layered hydroxides 

of U and Pb 

Gunnbjarnite = Fe -sepiolite 

Gunningite 590 

Gustavite 253 

Gutsevichite 496 

Guyanaite 317 

Gypsum 605 

Gyrolite 434 
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Hackmannite = S -sodalite 

Haddamite = microlite 

Hagatalite = metamict TR, Nb-zircon 

Hagendorfite 538 

Hagendorfite (old) = ferrohagendorfite 

HSggite 328 

Haidingerite 524 

Hainite = guarinite ( ?) 

Haiweeite 457 

Hakite = (Cu,Hg)3SbSe3 

(belongs to tetrahedrite group) 

Halite 637 

Hallimondite 521 

Hallite - vermiculite 

Halloysite 436 

Halotrichite 598 

Halotrichite (old) = ferrohalotrichite 

Halurgite 478 

Hambergite 469 

Hamlinite = Ba-goyazite 

Hammarite 254 

Hancockite = Pb, Sr-calcioepidote 

Hanksite 589 

Hanl^ite = Mg-uvarovite 

Hannayite 548 

Hanusite = stevensite 

Haradaite 449 

Hardystonite 440 

Harkerite 407 

Harmotome 353 

Harstigite 407 

Harttite = Ca-svanbergite 

Hastingsite = magnesioalumobarkevikite 

Hastite 243 

Hatchettolite = U, Ta-pyrochlore 

Y-Hatchettolite = Y, U, Ta-pyrochlore 

Hatchite 236 

Hauchecornite 225 

Hauerite 243 

Haungchaoite 478 

Hausmannite 287 

Hauyne 350 

Hawleyite 222 

Heazlewoodite 221 

Hectorite 446 

Hedenbergite = ferrodiopside 

Hedleyite 214 

Hedyphane = Ca, Ba-arseniomimetite 

Heidornite 488 

Heinrichite 521 

Heliophyllite 656 

Hellandite 458 

Hellyerite 617 

Helvine 360 

Hemafibrite 517 

Hematite 270 

Hematolite 514 

Hematophanite 655 

Hematostibite 313 

Hemihedrite 576 

Hemihydrate = bassanite 

Hemimorphite 659 

Hemimorphite = calamine 

Hemusite 266 

Hendersonite 500 

Hendricksite 443 

Hengleinite = Ni-pyrite 

Henritermierite 382 

Henwoodite 562 

Henwoodite = alumocualferhyphite 

Henwoodite = Fe^'''-alumocualferhyphite 

Hercynite = ferrospinel 

Hercynite-chromite = Al, Fe-chromite 

Herderite 554 

Herschelite = K-chabazite ( ?) 

Herzenbergite 261 

Hessite 211 

a-Hessite = hessite 

6 -Hessite 211 

Hessonite = Fe-alumogrossular 

Hetaerolite 287 

Heterogenite 322 

Heteromorphite 234 

Heterosite 535 

Heubachite = Ni-heterogenite 

Heulandite 354 

Hewettite 500 

Hexafelsbbanyite 599 

Hexahydrite 591 

Hexastannite 228 

Hiacinth - var. of zircon 

Hibbenite = hopeite (?) 
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Hibonite 280 

Hibschite = -plazolite 

Hidalgoite 513 

Hiddenite = Cr-spodumene 

Hieratite 665 

Higginsite = V04-conichalcite 

High-chalcocite 262 

Hilgardite 488 

Hillebrandite 417 

Hinsdalite 543 

Hisingerite = amorphous ferric silicate 

(Fe:Al k» 1:1) 

Hjelmite = Sn-tantalosamarskite 

Hjortdahlite = guarinite 

Hocartite 228 

Hochschildite = mixture of PbO and SnOj 

Hodgkinsonite 391 

Hodrushite 254 

Hoeferite biringuccite 

Hoegbomite = hdgbomite 

Hoernesite 523 

Hogbomite 281 

Hogtveitite = talenite 

Hohmannite 599 

Holdenite 514 

Hollandite 305 

Hollingworthite 244 

Holmquistite 414 

Holtite = dumortierite (?) 

Homilite 437 

Honessite 606 

Hopeite 532 

Horobetsuite 246 

Horsfordite 205 

Hortonolite = Mg-ferroolivine 

Hoshiite = Ni-magnesiomagfercite 

Howieite 416 

Howlite 489 

Hsianghualingite = hsianghualite 

Hsianghualite 392 

Hsihutsunite = Mg-rhodonite 

Huangchaoite 478 

Huanghoite 616 

Huantajayite = Ag-halite 

Hiibnerite = Mn-manganowolframite 

Huemulite 502 

Hugelite 524 

H tihnerkobelite = Ca-ferrohagendorfite 

Hulsite 467 

Humberstonite 600 

Humite 391 

Hummerite 502 

Huntilite 208 

Huntite 612 

Hureaulite 547 

Hurlbutite 529 

Hutchinsonite 236 

Huttonite 381 

Huttonite = clinothorite 

Hyalophane = Ba-orthoclase 

Hyalosiderite = Fe-magnesioolivine 

Hyalotekite 417 

Hydrargillite = gibbsite 

Hydrobasaluminite 606 

Hydrobiotite 445 

Hydroboracite 481 

Hydrobritholite = partially decomposed 

hydrated britholite 

Hydrocalcite = monohydrocalcite 

Hydrocalumite 330 

Hydrocassiterite = mixture of cassiterite 

with FeOOH 

Hydrocatapleiite = altered catapleiite 

Hydrocerite = mixture of oxides of 

TR, Th, Fe, Si, P, etc 

Hydrocerussite 624 

Hydrochloroborite 491 

Hydrocyanite = chalcocyanite 

Hydrofranklinite = Fe-chalcophanite 

Hydrogen autunite 556 

Hydrogen-uranospinite = trOgerite 

Hydroglauberite 606 

Hydrogrossular = plazolite 

Hydrohalite 640 

Hydrohausmannite = mixture of 

hausmannite with MnO(OH) 

Hydrohauyne = hauyne 

Hydrohematite - colloidal hematite 

with adsorption H2O 

Hydrohetaerolite = mixture of hetaerolite 

with MnO(OH) 

Hydromagnesite 620 



742 MINERAL NAMES 

Hydromelanothallite 659 

Hydromolysite 638 

Hydromuscovite 445 

Hydroniccite 324 

Hydronium jarosite = carphosiderite 

Hydrophilite 643 

Hydroromeite = Ca-stibiconite 

Hydroscarbroite 333 

Hydrosodalite (of Vlasov, Kuzmenko, 

and Eskova) 350 

Hydrotalcite = magalumohydrite-3R 

Hydrothorite = mixture of FePs, Ti02, 

Mn02, ThOj, Si02, etc 

Hydrotungstite 320 

Hydrougrandite 382 

Hydroxonotlite 419 

Hydroxylascharite 491 

Hydrozincite 615 

Hydrozircon = mixture of Zr02, Si02, 

LJO2, Fe203, etc 

Hypersthene 408 

Hypersthene (old) = Mg-ferrohypersthene 

lanthinite 320 

Ice-I 294 

Ice-Ic 294 

Idaite 265 

Idocrase = vesuvianite 

Igalikite = mixture of analcime 

with muskovite 

Igdloite 295 

limorite 397 

Ikaite 618 

Ikunolite 261 

Ilesite 602 

Ilimaussite 368 

Illite = colloidally dispersed 

hydromuscovite 

Ilmenite 279 

Ilmenite (old) = ferroilmenite 

Ilmenorutile = Fe, Nb-rutile 

Ilsemannite = Mo'*^[Mo04]2 • nH20 

(may belong to sedovite group) 

Ilvaite 400 

Imgreite 210 

Imhofite 236 

Inderborite 476 

Inderite 476 

Indialite 376 

Indigirite = Mg2Al2[Co3]4(OH)2 • I5H2O 

(hydrocalumite group) 

Indite 223 

Indium 194 

Inesite 419 

Innelite 453 

Inyoite 476 

lodargyrite 637 

lodembolite = I-cerargyrite 

lodobromite = I-cerargyrite 

lolite = cordierite 

lowaite 324 

lozite = wustite 

Iranite 577 

Irarsite 244 

Iridic gold = Ir-auroargaurite 

Iridium 192 

Iridosmine 192 

Iridosmine = osmiosmirite 

Iriginite 572 

Irinite = Th-loparite 

Iron 193 
Iron-boracite = Fe-boracite 

Iron-cordierite = Fe-cordierite 

Iron diaspore = Fe-diaspore 

Iron-dolomite = Fe-magnesiodolomite 

Iron gahnite = Fe^’*'-gahnite 

Iron hercynite = Fe^^-hercynite 

Iron-knebelite = Mn-ferroknebelite 

Iron kutnahorite = Fe-kutnahorite 

Iron magnesiochromite = Fe-magnesio- 

chromite 

Iron-magnesium retgersite = Fe, 

Mg-retgersite 

Iron spherocobaltite = Fe-cobaltocalcite 

Irontephroite - Fe-tephroite 

Ishiganeite = mixture of cryptomelane 

and birnessite 

Ishikawaite = U-niobiosamarskite 

Isoclasite 549 

Isokite 546 

Istisuite 458 
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Itoite 589 Kaersutite 425 
Ittnerite = altered nosean 

Ivaarite = Ti-ferrigrossular 

Ivanovite 491 

Kahlerite 522 

Kainite 600 

Kainosite 372 
Ixiolite 302 

Ixionit = ixiolite 

Ixionolite = ixiolite 

Kaliborite 485 

Kalicinite 626 

Kalinite 597 

Jacobsite 285 

Jadeite 410 

Jadeite-acmite = Fe^"''-jadeite 

Jagoite 401 

Jahrlite F49 

Jaipurite 220 

Jalpaite 241 

Jamesonite 251 

Japanite - kammererite 

Jargon = zircon 

Jarosite 588 

Jarosite = Mg-melanterite 

Jaroslavite 658 

Jefferisite = Ni-vermiculite 

Jeffersonite = Zn-diopside 

Jennite 419 

Jeremejevite 466 

Jeromite = Se-orpiment (?) 

Jezekite = morinite 

Jimboite 466 

Jiningite = metamict Fe-thorite 

Joaquinite 366 

Joesmithite 426 

Johachidolite 468 

Johannite 604 

Johannsenite 409 

Johnstrupite = rinkolite 

Jonstonotite - mixture of garnets 

with other minerals 

Kaliophyllite 345 

Kalistrontite 583 

Kalkmagnesit = Ca-magnesiomagfercite 

Kalkowskyn = altered davidite (?) 

Kalkrhodochrosit = Ca-manganomanfer- 

cite 

Kallilite = Bi-ullmannite 

Kalsilite 345 

Kamacite = Ni-iron 

Kamagflite 669 

Kamarezite = brochantite 

Kamiokalite = Zn-veszelyite 

Kammererite 444 

Kampylite = P04-arseniomimetesite 

Kanaekanite 374 

Kanasite 421 

Kanbarite = montmorillonite with silica gel 

Kaneite 203 

Kaolinite 431 

Karachaite 458 

Karamsinite = tremolite 

Karelianite 270 

Karinthine = Al-barkevikite (?) 

Karnasurtite = mixture of AI2O3, 

TR2O3, Ti02, Si02, P2O3, etc 

Karpinskite 350 

Kasoite = var, of celsian 

Kasolite 456 

Kasparite 600 

Kassite 319 

Katoptrite 390 

Jordanite 237 

Jordanite (old) = arsenojordanite 

Joseite 214 

Josephinite = Fe-nickelite 

Jouravskite 600 

Julgoldite 404 

Jurupaite = xonotlite 

Justite = koenenite (?) 

Kawazulite 214 

Kehoeite 532 

Keilhauite = Y-titanite 

Keldyshite 364 

Kemmlitzite 513 

Kempite 648 

Kennedyite 304 

Kentrolite 400 
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Kenyaite 458 

Kerchenite = ferrivivianite (colloidal¬ 

ly dispersed) 

a-Kerchenite = Fe^^-ferrivivianite 

(colloidally dispersed) 

3-Kerchenite = Fe^"^-ferrovivianite 

(colloidally dispersed) 

y -Kerchenite = Fe -ferrovivianite 

(colloidally dispersed) 

Kermesite 247 

Kernite 482 

Kerolite = mixture of serpentine 

with stevensite 

Kerrite = parsettensite 

Kerstenine 525 

Kerstenite 575 

Kettnerite 623 

Khinganite = Zn-stannite (altered kesterite) 

Khlopinite = Ti-niobiosamarskite 

Khunite 577 

Kieserite 590 

Kilchoanite 396 

Kimzeyite 382 

Kingite 562 

Kinoite 407 

Kirovite = Mg-melanterite 

Kirschtenite 385 

Kischtimite = La, OH-bastnasite 

Kitkaite 259 

Kivuite 559 

Kleinite 201 

Klementite = Mg, Al-alumochamosite 

Klockmannite 265 

Knebelite 384 

Knebelite (old) = Fe-manganoknebelite 

Knipovichite - hydrous carbonate of Ca, 

Al, and Cr 

Knopite = Ce-perovskite 

Knorringite = hanleite 

Kobaltadamin = Co-adamite 

Kobaltcalcit = Co-calcite 

Kobeite = Y, U-zirconolite ( ? ) 

Kobellite 252 

Kobokobite 562 
Kochite - mixture of zunyite, diaspora, 

and sericite 

Kochubeite = Cr-clinochlore 

Koechlinite 312 

Koenenite 657 

Kogarkoite - NajfSOJF (belongs to 

sulfohalite group) 

Kokkolite = Fe-diopside 

Koksharovite = Al-magnesiocarinthite 

Koktaite 594 

Kolbeckite = sterrettite 

Kolbekin = herzenbergite 

Kollophane finegrained COj-fluorapatite 

Kolovratite 504 

Kolskite 458 

Komarovite = (Ca, Mn){Nb2[Si207]03} • 

• 3,5H20 (belongs to nacalniotitasilite 

group) 

Kongsbergite 195 

Koninckite 531 

Koppite = pyrochlore 

Korn elite 593 

Kornerupine = prismatine 

Korynite = Sb-gersdorfite 

Korzhinskite 491 

Kosterite 228 

Kostovite 213 

Kotoite 466 

KOttigite 523 

Kotulskite 210 

Kontekite 204 

Kdzulite 416 

Krausite 603 

Krauskopfite 422 

Kreittonite - Fe^^, Fe^-gahnite 

Kremersite = NH4-erythrosiderite 

Krennerite 212 

Kribergite = Al5[P04]3[S04](0H)4 • 2H2O 

(?) (belongs to wavellite group) 

KrOhnkite 603 

Kryzhanovskite 562 

Ktenasite 598 

Kulerudite 243 

Kunzite = Mn^’*'-spodumene 

Kupfferite = magnesiocummingtonite 

Kupletskite = manganoastrophyllite 

Kurchatovite 472 

Kurgantaite = strontiohilgardite (?) 



MINERAL NAMES 
745 

Kurnakite = bixbyite 

Kurnakovite 411 

Kurskite = carbonate-apatite 

Kurumsakite 458 

Kiistelite = argentoargaurite 

Kutinaite 205 

Kutnahorite 612 

Kuttenbergite = kutnahorite 

Kyanite 386 

Kyanophylite = diorthosilicate of Ca,Na, 

and A1 (?) 

Kylindrite - cylindrite 

Kyrosite = As-marcasite 

Labite 458 

Labuntsovite = titanonakalniotisilite 

Lacroixite 545 

Laitakarite 261 

Lamprophyllite 451 

Lanarkite 586 

Landauite 278 

Landesite = Fe^"'^-phosphoferrite 

Langbanite 287 

Lingbanite = hexabraunite 

Langbeinite 583 

Langisite 203 

Langite 598 

Lansfordite 617 

Lanthanite 618 

Lapparentite = AI2 (H20)9[S 04]2(0H)2(?) 

(felsobanyite group) 

Larderellite 479 

Larnite 386 

Larsenite 385 

Latiumite 394 

Latrappite 295 

Laubmannite = dufrenite (?) 

Laueite 560 

Laumontite 357 

Launayite 253 

Laurionite 654 

Laurite 243 

Lausenite 593 

Lautarite 629 

Lautite 256 

Lavendulan 518 

Livenite 399 

Lavrovite = V-magnesiodiopside 

Lawrencite 644 

Lawsonite 403 

Laxmannite = vauquelinite 

Lazarevicite = arsenosulvanite 

Lazulite 544 

Lazulite (old) = magnesiolazulite 

Lazurite 350 

Lead 193 

Lead aragonite = Pb-aragonite 

Lead calcite = Pb-calcite 

Lead dolomite = Pb-magnesiodolomite 

Leadhillite 624 

Lead hydroxyapatite 541 

Lead oxyfluoride 654 

Lead smithsonite = Pb-smithsonite 

Lecontite 595 

Ledouxite = mixture of CugAs and NiAs 

Legrandite 516 

Lehiite 550 

Leifite 350 

Leightonite 594 

Lembergite (of Sudo) = Fe^’''-saponite 

(of Svanderg) 

Lemoynite 369 

Lengenbachite 263 

Lenoblite 333 

Leonhardite = partly dehydrated 

laumontite 

Leonhardtite 602 

Leonite 595 

Lepidocrocite 322 

Lepidolite 443 

Lepidomelane = Mg-ferrobiotite 

Lermontovite = ningyoite (?) 

Lesserite - inderite 

Lessingite = britholite 

Letovicite 604 

Leuchtenbergite = var. of chlorite 

Leucite 346 

S -Leucite 346 

Leucophanite 447 

Leucophoenicite 391 
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Leucophosphite 551 

Leucosphenite 363 

Leucoxene = alteration product 

of ilmenite 

Levyne 351 

Lewisite = Ti-rom6ite 

Lewistonite =K, A1-hydroxylapatite 

Liberite 358 

Libethenite 540 

Liebigite 625 

Likasite 633 

Lillianite 252 

Lillite = cronstedtite (?) 

Limaite = Sn-gahnite 

Limassolite = 4FeS • 3(Mg, Fe)(OH)2 

(belongs to valleriite group) 

Lime 271 

Limonite = mixture of hydrous iron oxides 

(mainly goethite) 

Linarite 587 

Lindackerite 516 

Lindgrenite 571 

LindstrOmite 254 

Linnaeite = cobaltpolydymite 

Lipscombite = (Fe,Mn)Fe2[P04]2(0H)2, 

tetragonal (lazulite group) 

Liroconite 517 

Liskeardite 517 

Litharge 310 

Lithidionite 458 

Lithiophilite = manganotriphylite 

Lithiophorite 328 

Lithiophosphate 537 

Lithium hureaulite = Li-hureaulite 

Liveingite 235 

Livingstonite 263 

Lizardite 431 

Lodochnikite = Th-brannerite 

Loeweite = Idweite 

Lohey North tobermorite = hydroxono- 

tlite 
Lokkaite = (Y, Ca)2[COJa• 2H2O 

(tengerite group) 

Ldllingite 206 

Lombaardite = cerioepidote 

Lomonosovite = phosphate-murmanite 

0 -Lomonosovite = H2O-phosphate- 

murmanite 

Lonchidite = As-marcasite 

Lonsdaleite 192 

Loparite 295 

Lopezite 575 

Lorandite 257 

Loranskite = euxenite (?) 

Lorenzenite = Zr-ramsayite 

Lorettoite 654 

Loseyite 616 

Lotrite - pumpellyite 

Louderbackite = A1 -romerite 

Loughlinite 420 

Lovozerite 367 

Loweite 594 

Luckyite = Mn-melanterite 

Ludlamite 553 

Ludlockite 289 

Ludwigite 467 

Ludwigite (old) = magnesioludwigite 

Lueshite 295 

Liineburgite 475 

Lusakite = Co-staurolite 

Lusungite 543 

Luzonite 229 

Luzonite (old) = arsenoluzonite 

Lyndochite = Ca, Th-euxenite 

Macallisterite 487 

Macconnelite 313 

Macedonite - makedonite 

Macdonald!te 434 

Macgovernite 394 

Mackayite 565 

Mackelveyite 618 

Mackinawite 220 

Mackinstryite 241 

Mackintoshite = metamict U-thorite 

Madocite 253 

Magadiite 458 

Magbasite 414 

Magcerepidote 405 

Magchlorophoenicite 514 

Magferalsilite 382 
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Magfercite 609 

Maghemite = ferrimagnetite 

Magnalumoxide 286 

Magnesioboothite = Mg-boothite 

Magnesiochlorophoenicite = magchloro- 

phoenicite 

Magnesioferrite 285 

Magnesiomelanterite = Mg-melanterite 

Magnesioniobite = magnocolumbite 

Magnesioorthite = magcerepidote 

Magnesioriebeckite = Mg-riebeckite 

Magnesiosussexite = Mg-sussexite 

Magnesiowtistite = Fe-periclase 

Magnesite = magnesiomagfercite 

Magnesium gahnite = Mg-gahnite 

Magnesium hercynite = ferrospinel 

Magnesium jacobsite = Mg-jacobsite 

Magnesium magnetite = Mg-ferromag- 

netite 

Magnesium vermiculite = vermiculite 

Magnetite 285 

Magnetoplumbite 280 

Magnioborite = suanite 

Magniophilite = beusite 

Magniotriplit = Mg-triplite 

Magnocalcite = Mg-calcite 

Magnochromite (of Bock) = magnesio- 

chromite (of Bock) 

Magnocolumbite 303 

Magnoferrichromite = Fe-chromite 

Magnokutnahorite = Mg-kutnahorite 

Magnolite 567 

Magnomagnetite = Mg-ferromagnetite 

Magnophorite = Ca, Al-arfvedsonite 

Magnorhodochrosite = Mg-mangano- 

manfercite 

Magnosiderite = Mg-ferromagfercite 

Magnosmithsonite = Mg-smithsonite 

Magnussonite 289 

Magurasphyllite 521 

Magursilite 457 

Maitlandite = metamict U-thorite 

Makatite 422 

Makedonite 295 

Makinenite 247 

Malachite 614 
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Malacon = metamict Th, U-zircon 

Malayaite 388 

Maldonite 204 

Malladrite 668 

Mallardite 592 

Manandonite 439 

Manasseite 331 

Manasseite = magalumohydrite-2H 

Manferalsilite 382 

Manfercite 609 

Manganactinolite = Mn^'^'-actinolite 

Manganalluaudite = manganoalluaudite 

Manganancylite = Mn^^-calcioancylite 

Manganandalusite = Mn^'*'-andalusite 

Manganantigorite = Mn-antigorite 

Manganapatite = Mn-fluorapatite 

Manganaxinite = manganoaxinite 

Manganbabingtonite = Mn^"*" -babingtonite 

Manganbelyankinite = Mn-belyankinite 

Manganberzeliite = manganoberzeliite 

Manganchrysotile = Mn-chrysotile 

Mangandiaspore = Mn-diaspore 

Mangandolomite = Mn-magnesiodolomite 

Manganese ankerite = Mn-ferrodolomite 

Manganese boracite = ericaite 

Manganese calcite = Mn-calcite 

Manganese dolomite = Mn-magnesiodol¬ 

omite 

Manganese epidote = Mn -calcioepidote 

Manganese fluorapatite =Mn-fluor- 

apatite 

Manganese franklinite = Mn^'''-franklinite 

Manganesehoernesite 523 

Manganese hydroxyapatite = Mn-hydroxyl 

apatite 

Manganese magnesite = Mn-magnesiomag 

fercite 

Manganese siderite = Mn-ferromanfercite 

Manganese smithsonite = Mn-smithsonite 

Manganese tremolite = Mn-tremolite 

Manganhumite 391 

Manganilmenite = Mn-ferroilmenite 

Manganite 318 

Manganmagnetite = Mn-ferromagnetite 

Mangan-Melanterite - Mn^’*’-melanterite 

Manganobrucite = Mn-brucite 
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Manganocalcite = Mn-calcite 

Manganohedenbergite = Mn-ferrodiopside 

Manganolangbeinite 583 

Manganomelane ^ psilomelane 

Manganomossite = manganocolumbite 

Manganophlogopite = Mn-magnesiobiotite 

Manganophyllite = Mn-magnesiobiotite 

Manganorthite = Mn-cerioepidote 

Manganosiderite = Mn-ferroman- 

fercite 

Manganosite 271 

Manganosphaerite = ferromanfercite 

Manganostibite 287 

Manganotantalite = manganotantaloco- 

lumbite 

6-Manganous sulfide 223 

Manganoxy apatite = Mn-voelckerite 

Manganpalygorskite 420 

Manganpennine = Mn-clinochlore 

Manganpyrosmalite = pyrosmalite 

Mangansepiolite 420 

Mangansmithsonite = Mn-smithsonite 

Mangantapiolite - Mn^'^-tapiolite 

Mangantremolite = Mn -tremolite 

Manganuralite = Mn-magnesioarf- 

vedsonite 

Manganvesuvian = Mn-idocrase 

Manjiroite 305 

Mansfieldite 508 

Marasmolite = Fe-sphalerite 

Marcasite 243 

Margarite 441 

Margarosanite 370 

Marialite (of vom Rath) = Na-natros- 

capolite 

Marignacite = Ce-pyrochlore 

Marmatite = Fe-sphalerite 

Marokite 288 

Marrite 237 

Marshite 637 

Marsjatskite = Mn-glauconite 

Marthozite 567 

Martite = hematite pseudomorphous 

after magnetite 

Mascagnite 583 

Masrite = Mn, Co-ferrohalotrichite 

Massicot 310 

Masuyite 320 

Matildite 238 

Matlockite 644 

Matraite = wurtzite 

Matteuccite 606 

Maucherite 203 

Maufite 458 

Mauritzite 333 

Mauzeliite = Pb-romdite 
•V,]- 

Mavinite = Fe -chloritoid 

Mavudzite = davidite 

Mawsonite 231 

Mayenite 289 

Mboziite = A1 -arfvedsonite 

Mcallisterite = macallisterite 

McConnellite = macconneUte 

Mcgovernite = macgovernite 

Mckelveyite = mackelveyite 

Mckinstrite = mackinstrite 

Medmontite 446 

Medjidite = uranothallite 

Meerschaum = sepiolite 

Meionite = Ca-calcioscapolite 

Melanite = Ti-ferrigrossular 

Melanocerite 389 

Melanophlogite 293 

Melanostibian = manganostibite 

Melanostibite 279 

Melanotekite = ferrikentrolite 

Melanothallite 659 

Melanovanadite 501 

Melanterite 592 

Melilite 440 

Meliphanite 447 

Melkovite 572 

hlelnikovite 223 

Meionite 214 
O-L 

Menaccanite = Fe -ilmenite 

Mendel eyevite = Ca-betafite 

Mendipite 651 

Mendozite 597 

Meneghinite 253 

Mercallite 604 

Mercury (solid) 194 

Merenskyite 214 

Meroxen - Fe-biotite 

Merwinite 386 
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Mesitite - Fe-magnesiomagfercite 

Mesolite 356 

Mesomicrocline 346 

Messelite = ferrofairfieldite 

Metaaluminite 599 

Metaalunogen 606 

Metaankoleite 556 

Meta-autunite 556 

Metabassetite = bassetite 

Metaborite 464 

Metacinnabarite 222 

Metacinnabarite (old) = sulfometacin- 

nabarite 

Metadelrioite 499 

Metahaiweeite = partly-dehydrated 

haiweeite 

Metahalloysite 431 

Metaheinrichite 522 

Metahewettite 500 

Metahohmannite 606 

Metajennite = partly-dehydrated jennite (?) 

Metakirchheimerite 522 

Metalomonosovite = H2O-phosphate- 

murmanite 

Metaloparite = altered loparite 

Metamurmanite = P04-hydrate-mur¬ 

manite 

Metanovacekite 522 

Metarossite 499 

Metaschoderite 496 

Metaschoepite = schoepite (with 

smaller H2O content) 

Metasideronatrite 600 

Metasimpsonite = microlite 

Metastibnite = colloidally dispersed 

antimonite 

Metastrengite = clinostrengite 

Metathenardite 582 

Metathenardite = hexathenardite 

Metatorbernite 556 

Metatyuyamuyunite 503 

Metauranocircite 556 

Metauranopilite 602 

Metavandendriescheite = vanden- 

driescheite 

Metavanuralite 503 

Metavariscite = clinovariscite 

Metavauxite 560 

Metavoltine 600 

Metazellerite 625 

Metazeunerite 522 

Meyerhofferite 477 

Meymacite = hydrotungstite 

Mezodialite = Nb-eudialite 

Miargyrite 238 

Michenerite 206 

Microcline 346 

Microlite 276 

Miedziankite = Zn-arsenotetrahedrite 

Miersite 637 

Milarite 380 

Millerite 247 

Millisite = Ca-wardite 

Mimetite 512 

Mimetite (old) = arsenomimetite 

Minasragrite 599 

Minguetite = stilpnomelane 

Minium 306 

Minnesotaite 432 

Minyulite 551 

Miomirite = Pb-davidite 
Mirabilite 593 

Miropolskite = bassanite 

Misenite 604 

Miserite = K.Ce-xonotlite (?) 

Mispickel = arsenopyrite 

Mitchellite = Cr-magnesiospinel 

Mitridatite 562 

Mitscheriichite 642 

Mixite 519 

Mizzonite = calcioscapolite 

MnO-nsutite = Mn -nsutite 

Moctezumite 566 

Modderite 203 

Mohrite 595 

Mohsin = lollingite 

Mohsite 313 

Moissanite 199 

Moluranite 573 

Molybdenite 259 

Molybdite 307 

Molybdomenite 564 

Molybdophyllite 401 

Molybdoscheelit = Mo04-scheelite 



750 
MINERAL NAMES 

Molysite 643 

Monazite 536 

Moncheite 214 

Monetite 552 

Monheimite = Fe-smithsonite 

Monimolite = Ca, Fe-bindheimite 

Monohydrocalcite 618 

Monothermite - kaolinite 

Monrepite = Fe^'*’-ferrobiotite 

Monsmedite 606 

Montanite 333 

Montbrayite 210 

Montebrasite = hydroxylamblygonite 

Monteponite 271 

Montesite = Pb-herzenbergite (?) 

Montgomeryite 550 

Monticellite 385 

Montmorillonite 445 

Montrose!te 317 

Montroydite 300 

Moore! te 332 

Moorhouse!te 591 

Moraes!te 553 

Morden!te 358 

Morenos!te 592 

Morgan!te = Cs, Mn-beryl 

Mor!n!te 550 

Mosandr!te = partly hydrated r!nkol!te 

Moschellandsberg!te 195 

Moschellandsberg!te = landsberg!te 

Moses!te 201 

Moss!te = Nb-tap!ol!te 

Mossotdte = Sr-aragon!te 

Mounan!te 495 

Mounta!n!te 434 

Mour!te 573 

Mozamb!k!te = m!xture of ThOj, UOj, 

etc. 

Mrazekite = layered var. of 

montmorfllonite 

Mu!r!te 364 

Mukh!n!te 405 

Mullite 423 

Munkforss!te = Mn-apatite (?) 

Munkrud!te = kyanite 

Murdochite 290 

Murgocite = mixtured-layered mineral 

consisting of saponite, chlorite, 

and stevensite 

Murmanite 454 

Murmanite (old) = hydrate-murmanite 

S -Murmanite = P04-hydrate-murmanite 

Muromontite 405 

Muscovite 442 

Muskoxite 333 

Muthmannite 216 

Nacalniotitasilite 368 

Nacrite 431 

Nadorite 655 

Naegite = var. of zircon 

Nagatelite = P04-cerioepidote 

Nagyagite 264 

Nahcolite 622 

Nakalifite = gagarinite 

Nakaseite 253 

Namaqualite = cyanotrichite 

Nantokite 637 

Narsarsukite 366 

Nasinite 479 

Nasledovite 627 

Nasonite 401 

Nasturan = uraninite 

Natrium betpakdalite = Na2CaFe2 • 

(H20)i5[As2Mo6028] (belongs to 

betpakdalite group) 

N atroalunite 588 

Natroautunite 556 

Natrobiotite = Na-biotite 

Natroborocalcite = ulexite 

Natrochalcite 605 

Natrojarosite 588 

Natrolite 356 

Natromontebrasite 530 

Natroniobite 295 

Natronite 618 

Natrophilite 538 

Natrosanidine = Na-sanidine 

Naujakasite 437 

Naumannite 233 
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a-Naumannite - orthonaumannite 

B -Naumannite 241 

6 -Naumannite = naumannite (cubic) 

Naurasphyllite 522 

Navajoite 321 

Neighborite 662 

Nekoite 434 

Nemalite = fibrous Fe-brucite 

Nenadkevichite = niobionakalniotita- 
silite 

Nenadkevitd 458 

Nepheline 345 

Nephrite = entangle-fibrous actinolite 

Nepouite 431 

Neptunite 342 

Neptunite (old) = ferroneptunite 

Nesquebonite 617 

Nevyanskite = iridioiridosmine 

Newberyite 548 

Newboldite = Fe-sphalerite 

Neyite 254 

Nibrucite 324 

Niccolite = nickeline 

Nicholsonite = Zn-aragonite 

Nickel 193 

Nickel antigorite = Ni-antigorite 

Nickelchlorite = Ni-clinochlore 

Nickel epsomite = Ni-epsomite 

Nickelhexahydrite 591 

Nickeline 203 

Nickel magnetite = Ni-ferromagnetite 

Nickelpyrit = Ni-pyrite 

Nickel saponite = Ni-saponite 

Nickel spherocobaltite = Ni-cobaltocalite 

Nickel talc = Ni-talc 

Nickhydrochlite 645 

Nickhydroxite 324 

Nidiselite 259 

Nifontovite 473 

Nigerite 281 

Niggliite 195 

Nigrine = Fe'''-rutile 

Nimite 444 

Ningyoite 546 

Niobhydroxite 333 

Niobian perovskite = Nb-perovskite 
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Niobian rutile = Nb-rutile 

Niobioanatase = Nb-anatase 

Niobium aeschynite = Nb-aeschynite 

Niobium dysanalyte = lueshite 

Nioboaeschynite = Nb-aeschynite 

Niobochevkinite = Nb-chevkinite 

Niobolabuntsovite = Nb-titanonakal- 

niotitasilite 

Nioboloparite = Nb-loparite 

Nioboperovskite = Nb-perovskite 

Niobophyllite 452 

Niobotapiolite = Nb-tapiolite 

Niobotitanite = tantalocolumbite 

Nioboxite 313 

Niobozirconolite = Nb-zirconolite 

Niocalite 399 

Nisbite 206 

Nissonite 549 

Nltrammite 633 

Nitrobarite 632 

Nitrocalcite 633 

Nitroglauberite = mixture of darapskite 

and nitronatrite 

Nitrokalite 632 

Nitromagnesite 633 

Nitronatrite 632 

Nivenite = Y-uraninite 

Nobleite 487 

Nocerite = fluorofluoborite 

Nogizavalite - var. of zircon 

Nolanite 282 

Nontronite 445 

Noonkanbachite 365 

Norbergite 391 

Nordenskibldine 465 

Nordite 441 

Nordstrandite 323 

Norsethite 612 

Northupite 617 

Nosean 350 

Nov4cekite - arseniomagurasphyllite 

Novakite 203 

Nowackiite 229 

Nsutite 298 

Nsuta-Mn02 = nsutite 

Nuffieldite 254 
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Nuissierite = Ca-phosphoromimetite 

Nyerereite 613 

Obruchevite = Y, U-pyrochlore 

Ochrolite 656 

Octahedrite = anatase 

Oeltacherite = Ba-muscovite 

Offretite 358 

Okenite 434 

Oktibbehite = Fe-nickel 

Oldhamite 220 

Oligonite = ferromanfercite 

Oliveiraite 333 

Olivenite 510 

Olivine 384 

Olivine (old) = Fe-magnesioolivine 

Ols ache rite 575 

Olshanskyite 491 

Omphacite 409 

Ondrejite = mixture of huntite and 

magnesite 

Onofrite (of Haidinger) = sulfometacin- 

nabarite 

Onoratoite 654 

Oosterkoschite 221 

Orange-bornite = renierite (may in part 

be idaite) 

Orangite = var. of thorite 

Orcelite 204 

Ordinary hornblende 425 

Ordonezite 301 

Oregon!te 203 

Orient! te 407 

Orlite 458 

Orpheite 562 

Orpiment 259 

Orthochevkinite = orthorhombic 

chevkinite (?) 

Orthoclase 346 

Orthocobaltite 243 

Orthoericssonite 398 

Orthollvenite 399 

Ortholomonosovite = phosphate- 

murmanite 

Orthopinakiolite 467 

Orthose = orthoclase 

Orthotorbernite = torbernite 

Oruetite = sulfojoseite 

Osannite = Al-arfvedsonite 

Osarizawaite 588 

Osbornite 200 

Osmiridium = iridiosmirite 

Osmite = osmiosmirite 

Osumilite 379 

Otavite 609 

Ottemannite 248 

Ottrelite = Mn-chloritoid (?) 

Overite 550 

Owyheeite 253 

Oxychildrenite = Fe^'*'- or Mn^'*^-eosphorite 

Oxykaersutite = ferrikaersutite (?) 

Oxykerchenite = Fe^'''-ferrivivianite 

Oyamalite = TR, P04-zircon 

Pabstite 362 

Pachnolite 664 

Paigeite = ferroludwigite 

Painite 280 

Palermo!te 544 

Palladinite 313 

Palladium 192 

Pallite 551 

Palmierite 583 

Palstibite 203 

Palygorskite 420 

Pandaite 276 

Pandermite 483 

Papagoite 373 

Parabutlerite 599 

Paracelsian 344 

Paracoquimbite 593 

Paracostibite 245 

Paradamite 510 

Paradocrasite = SbjAs (belongs to special 

group in class of simple substances) 

Paragearksutite = gearksutite 

Paragonite 442 

Paraguanajuatite 261 

Parahilgardite 488 

Parahopeite 532 
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Parajamesonite 266 

Parakutnahorite = (Ca;Mn)C03 with 

disordered structure, but with 

stoichiometric Ca:Mn ratio (?) 

Paralaurionite 654 

Paramelaconite 290 

Paramontroseite 298 

Pararammelsbergite 206 

Paraschoepite = schoepite (with somewhat 

lower H2O content) 

Parasymplesite = clinosymplesite 

Paratacamite 648 

Paratellurite 298 

Paratenorite “ paramelaconite 

Paraurichalcite I = rosasite 

Paraurichalcite II = rosasite 

Paravauxite 560 

Paraveatchite 489 

Parawollastonite (old) = clinowollastonite 

Parawyartite 327 

Pargasite 425 

Parisite 616 

Parkerite 224 

Parsettensite 436 

Parsonsite 554 

Partridge! te = bixbyite 

Partzite 277 

Parwelite 287 

Pascoite 502 

Pastrdite = Na-jarosite 

Pateraite 573 

Paternoite = kaliborite 

Patronite 245 

Paulingite 353 

Pavonite 249 

Paxite 204 

Pazite = S -Idllingite 

Pearceite 240 

Pearceite (old) = arsenopearceite 

Pecoraite = Ni6[Si40jg](0H)g (antigorite 

group) 

Pectolite 418 

Pectolite (old) = calciopectolite 

Penfieldite 654 

Pennaite = wohlerite (of Scheerer (?)) 

Pennantite 444 

Pennine = magnesioclinochlore 

Penroseite 243 

Pentahydrite 591 

Pentahydroborite 471 

Pentahydrocalcite 627 

Pentlandite 226 

Percylite 649 

Periclase 271 

Perite 655 

Permingeatite = Cu3SbSe4 (enargite 

group) 

Perovskite 295 

Perrierite 397 

Petalite 347 

Petzite 212 

Pharmacolite 524 

Pharmacosiderite 507 

Phenakite 383 

Phengite = Mg, Fe-muscovite 

Philadelphite = weathered biotite 

Phillipite 606 

Phillips!te 353 

Phlogopite = magnesiobiotite 

Phoenicochroite 577 

Phosgenite 624 

Phosphochromite = Fe^'''-alumovariscite 

Phosphoferrite 547 

Phosphoferrite (old) = ferrophosphoferrite 

Phosphophyllite 532 

Phosphoralunogen = P04-alunogen 

Phosphormimetesit = phosphoromimetite 

Phosphorochromite = vauquelinite 

Phosphorrosslerite 548 

Phosphoscorodite = P04-scorodite 

Phosphosiderite = clinostrengite 

Phosphuranylite 559 

Picite = delvauxite 

Pickeringite = magnesiohalotrichite 

Picotite = Cr-magnesiospinel (part), 

Al-ferrochromite (part) 

Picotpaulite 226 

Picrochromite = magnesiochromite 

Picroepidote = Mg-calcioepidote 

Picrogalaxite = Mg-galaxite 

Picroilmenite = magnesioilmenite 

Picromagnetite = Mg-ferromagnetite 
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Picromerite 595 

Picroorthite = Mg-cerioepidote 

Picropharmacolite 515 

Picrosmine = chrysotil 

Picrotephroite = Mg-manganoknebelite 

Piedmontite = piemontite 

Piemontite 405 

Pierrotite 236 

Pigeonite = Ca, A1-rlinohypersthene 

Pilinite - bavenite 

Pilolite = Al-palygorskite 

Pimelite = Ni-talc (?) 

Pinakiolite 467 

Pinnoite 473 

Pintadoite 504 

Pirssonite 619 

Pisanite = Ca-melanterite 

Pisekite = Th, Ti-samarskite 

Pistomesite = Mg-ferromagfercite 

Pitticite 525 

Plagioclase 344 

Plagionite 234 

Plancheite 413 

Planerite = evansite (?) 

Planoferrite 606 

Platarsulite 244 

Platinum 192 

Platinum gold = Pt-electrom 

Platstibite 203 

Plattnerite 297 

Platynite 261 

Playfairite 253 

Plazolite 382 

Pleonaste = Fe^'^-magnesiospinel 

Plinthite = mixture of kaolinite, montmor- 

illonite, and hematite 

Plumangite 313 

Plombierite 435 

Plumbocalcite = Pb-calcite (partly) 

Plumbocolumbit = Pb-niobiosamarskite 

Plumbodolomite = Pb-magnesiodolomite 

Plumboferrite 280 

Plumbogummite 543 

Plumbojarosite 588 

Plumbomalachite 627 

Plumbomicrolite 276 

Plumbonacrite - impure hydrocerussite 

Plumbopalladinite = Pb2Pd3 (moschel- 

landsbergite group) 

Plumbosvanbergite = Pb-svanbergite 

Plumbosynadelphite = Pb-synadelphite 

Plumcusulasite 513 

Poitevinite 590 

Polarite 194 

Polianite - pyrolusite 

Pollucite 346 

Polybasite 240 

Polybasite (old) = stibiopolybasite 

Polycrase = Ti-euxenite 

Polydymite 223 

Polydymite Cold) = nickel-polydymite 

Polyhalite 594 

Polylithionite = group name of Li-mica 

Polymignite = Fe, Nb-zirconolite (?) 

Polysphaerite = Ca-phosphoromimetite 

Polyxen = Fe-platinum 

Porpezite =Pb-electrum 

Portlandite 324 

Posnjakite = poznyakite 

Potarite 194 

Potash alum = alum 

Poughite 565 

Powellite 569 

Poznyakite 598 

Pravdite = altered britholite 

Prehnite 439 

Prelaumontite = var. of laumontite 

Preobrazhenskite 484 

Priazovite = metamict Ta-betafite 

Pribramite (of Huot) = Cd-sphalerite 

Priceite 491 

Priderite 306 

Priorite 296 

Priorite (old) = Nb-priorite 

Prismatine 392 

Proarizonite = mixture of rutile, 

ilmenite, and hematite 

Probertite 484 

Prochlorite - ripidolite 

Prosopite 653 

Protodoloresite 328 

Protovermiculite 446 

Proustite 239 

Przhevalskite 556 
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Pseudoautunite 556 

Pseudoboleite 649 

Pseudobrookite 304 

Pseudocotunnite 641 

Pseudolaueite 560 

Pseudomalachite 540 

Pseudonatrolite - mordenite 

Pseudorutile 313 

Pseudothuringite = A1-alui-nochamosite-2T 

Pseudowavellite = crandallite 

Pseudowollastonite = parawollastonite 

Psilomelane 318 

Ptilolite = mordenite 

Pucherite 498 

Pumpellyite 404 

Purpurite = Mn-heterosite 

Pyrargyrite 239 

Pyrite 243 

Pyroarsenite = Sb-berzeliite 

Pyroaurite = magferrohydrite-3R 

Pyrobelonite 494 

Pyrochlore 276 

Pyrochroite 324 

Pyrolusite 297 

Pyromorphite = phosphoromimetite 

Pyrope = magnesiomagferalsilite 

Pyrophanite 279 

Pyrophyllite 432 

Pyrosmalite 429 

Pyrostilpnite 239 

Pyroxferroite 412 

Pyroxmangite 412 

Pyrrhite = pyrochlore 

Pyrrhotine 225 

Quartz 291 

a-Quartz = quartz 

0 -Quartz 291 

Quenselite 329 

Quenstedtite 593 

Rabbittite 625 

Racewinite = Fe^^-beidellite 

Raguinite 227 

Ralstonite 651 

Ramdohrite 253 

Rammelsbergite 206 

Ramsayite 426 

Ramsdellite 298 

Rancidite 333 

Rankamaite 295 

Rankinite 396 

Ranquilite 457 

Ransomite 596 

Raphisiderite - hematite 

Rare-earth alstonite = TR-alstonite 

Rare-earth betafite = Y-betafite 

Rare-earth calcite = TR-calcite 

Rare-earth strontianite = TR-stron- 

tianite 

Rashleighite = Al-ferricualferhyphite 

Raspite 570 

Rasvumite = K3Fe9Sj4 (pentlandite group) 

Rathite I 235 

Rathite III 235 

Rauenthalite 520 

Rauvite 502 

Realgar 242 

Rectorite 445 

Reddingite = manganophosphoferrite 

Redingtonite = Cr-ferrohalotrichite 

Redledgeite 306 

Redondite = Fe-alumovariscite 

Reedmergnerite 344 

Reinerite 289 

Reinite = ferrowolframite pseudomorph- 

ous after scheelite 

Renardite 559 

Renierite 231 

Reniforite = jordanite 

Retgersite 591 

Retzian 515 

Rewdanskite = Ni-antigorite 

Reyerite 434 

Rdzbdnyite 254 

Rhabdite = schreibersite 

Rhabdophane 546 

Rhodesite 434 

Rhodite = Rh-electrum 

Rhodizite 464 
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Rhodochrosite = manganomanfercite 

Rhodonite 411 

Rhodostannite 228 

Rhodusite= fibrous var, of riebeckite 

Rhomboclase 604 

Rhombojacobsite 286 

Rhombomagnojacobsite = rhombojacobsite 

Rhdnite 426 

Richellite 562 

Richetite = oxide of Pb and U 

Richmondite 562 

Richterite 415 

Rickardite 216 

Riebeckite = ferroferriglaucophane 

Riebeckrichterite = var. of richterite 

Rijkeboerite 276 

Rinkite = Ce-rinkolite 

Rinkolite 398 

Rinneite 641 

Ripidolite = Mg-alumoclinochlore 

Risdrite = Ti-niobofergusonite 

Rivadavite 487 

Riversideite 435 

Robinsonite 249 

Rockbridgeite 544 

Rockbridgeite (old) = ferrorockbridgeite 

Rodalquilarite 565 

Roeblingite 394 

Roepperite (of Brush) = Mg, Zn-ferro- 

knebelite 

Roesslerite = rdsslerite 

Rogersite (of Smith) = churchite 

Roggianite 356 

Romanechite = BaMnMn80ig(0H)4(?) 
(psilomelane group) 

Romeite 277 

ROmerite 596 

Rdntgenite 616 

Rooseveltite 508 

Roquesite 227 

Rosasite 616 

Roscherite 551 

Roscoelite 442 

Roseite 266 

Roselite 519 

Rosenbuschite 399 

Rosenhahnite 370 

Rosickyite 195 

Rosieresite 562 

Rossite 499 

Rdsslerite 516 

Rottisite = Ni-antigorite 

Roubaultite 327 

Roweite 474 

Rowlandite = metamict thalenite (?) 

Rozenite 602 

Rubellan = product of changing of biotite 

Rubellite = var. of elbaite 

Rubrite 606 

Ruby = Cr-corundum 

Rumphite = sheridanite 

Rusakovite 504 

Russellite 312 

Rustumite 402 

Ruthenosmiridium = Ru-iridosmine 

Rutherfordite 622 

Rutile 297 

Saamite = Sr-fluorapatite 

Sabugalite 556 

Safflorite 206 

Sagenite = morphological var. of rutile 

Sahamalite 611 

Sahlinite 511 

Sainfeldite 520 

Sakhaite 471 

Sakharovaite 266 

Sakuraiite 228 

Sal ammoniac 638 

Saldeite = phosphoromagurasphyllite 

Salesite 629 

SaUte = Fe-magnesiodiopside 

Salmiak= sal ammoniac 

Salmonsite = Fe -hureaulite 

Saltpeter = nitrokalite 

Samarskite 304 

Samarskite (old) = niobosamarskite 
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Samiresite = Pb-betafite 

Sampleite 551 

Samsonite 258 

Sanbornite 428 

Sandbergerite (of Breithaupt) = 

Zn-stibiotetrahedrite 

Sandbergerite (of Walenta) = heinrichite 

Sanderite 590 

Sanidine 346 

Sanjuanite 562 

Sanmartinite 302 

Santafeite 496 

Santite 479 

Saponite (of Svanberg) 446 

Sapphire = Fe, Ti-corundum 

Sapphirine 286 

Sarcolite 348 

Sarcopside 537 

Sarkinite 510 

Sarmientite 517 

Sartorite 235 

Saryarkite 395 

Sassolite 486 

Satimolite 487 

Satpaevite 504 

Sauconite 446 

Saukovite = Cd, Zn-sulfometacin- 

nabarite 

Sborgite 479 

Scacchite 644 

Scandium beryl = Sc-beryl 

Scapolite 348 

Scarbroite 328 

Scawtite 419 

Schafarzikite 306 

Schairerite 586 

Schallerite = pyrosmalite-2H 

Schapbachite = matildite 

Schaurteite 599 

Scheelite 569 

Schefferite = Mn-diopside 

Scheibeite 577 

Scherbakovite = shcherbakovite 

Schertelite 548 

Scheteligite = Sb-betafite 

Schilkinite = fibrous var, of muskovite 

Schirmerite 238 

Schizolite = Mn-calciopectolite 

Schmeiderite 577 

Schmitterite 566 

Schmollnitzite = szomolnokite 

Schneebergite = Fe -romdite 

Schoderite 496 

Schoepite 320 

Scholzite 547 

S ebonite = picromerite 

Schorl (old) = ferroschorlite and 

ferroelbai te 

Schorlite 377 

Schreibersite 200 

Schroeckingerite = schrdkingerite 

Schrockingerite 626 

Schubnelite 496 

Schuchardtite = Ni-antigorite 

Schuetteite 586 

Schuilingite 621 

Schultenite 521 

Schulzenite = colloidal Cu, Co- 

heterogenite (may be a mixture) 

Schwarzembergite 630 

Schwatzite = Hg-stibiotetrahedrite 

Schwefel= sulfur 

Scolecite 356 

Scolopsite = altered nosean 

Scorodite 508 

Scorzalite = ferrolazulite 

Seamanite 471 

Searlesite 438 

Sederholmite 225 

Sedovite 569 

Seidozerite 398 

Sekaninaite = ferrocordierite 

Selenblei = kerstenite 

Selenite = fibrous var. of gypsum 

Selenium 196 

Selenjoseite = laitakarite 

Selenobismutite (of Wherry) = 

Se-bismutite 

Selenocosalite = Se-cosalite 

Selenolinnaeite = S e-cobalt-polydymite 
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Selenolite 299 

Selenosiegenite = Se-polydymite 

Selenosulfur =Se-sulfur 

Selenotellurium = Se-tellurium 

Selenovaesite = Se-vaesite 

Seligmannite 237 

Sellaite 666 

Semseyite 234 

Senaite 280 

Senarmontite 297 

Sengierite 503 

Sepiolite 420 

0-Sepiolite = armorphous 'sepiolite' 

Serandite = manganopectolite 

Serendibite 392 

Sericite= fine-grained mica, mainly 

muskovite 

Serpentine = group name for minerals of 

general formula Mg6[Si40jo](OH)8<» 

Serpentine-talc 458 

Serpierite 605 

Severginite = manganoaxinite 

Seybertite = xanthophyllite-3Tg 

Seyrigite = Mo04-scheelite 

Shandite 224 

Sharpite 627 

Shattuckite 413 

Shcherbakovite 365 

Sheridanite = Mg-alumoclinochlore 

Sherwoodite 501 

Shorsuite = halotrichite 

Shortite 613 

Shubnikovite 518 

Sibirskite 474 

Sicklerite 538 

Sicklerite (old) = manganosicklerite 

Siderazote 200 

Siderite = ferromanfercite (in (Mn, Fe) 

CO3 series) or ferromanfercite (in 

Mg, Fe)C03 series) 

Sideronatrite 600 

Siderophyllite = A1-ferrobiotite 

Sideroplesite = ferromagfercite 

Siderotil 591 

Siegenite = Ni-cobaltpolydymite 

Sigloite 560 

Silicorhabdophane = Si04-rhabdophane 

Silicosmirnovskite = Si04-smirnovskite 

Silldnite 271 

Sillimanite 423 

Silvanite 213 

Silver = argentoelectrum 

Silvestrite = siderazote 

Simplotite 328 

Simpsonite 275 

Sincosite 556 

Sinhalite 465 

Sinicite = U-aeschynite 

Sinnerite 266 

Sipylite = Er-fergusonite 

Sismondine = Mg-chloritoid 

Sitaparite = bixbyite 

Sjogrenite 331 

Sjogrufvite = Fe-arseniopleite 

Sklodowskite 455 

Skolite = alumoglauconite 

Skunolite = ikunolite 

Skutterudite 207 

Slavikite 599 

Slawsonite 344 

Smaltite = cobalt-skutterudite 

Smaragd = emerald 

Smirnovite = thorutite 

Smirnovskite 546 

Smithite 238 

Smithsonite 609 

Smolyaninovite 525 

Smythite 264 

Soda = natronite 

Soda alum = sodalumite 

Sodalite 350 

Sodalumite 597 

Soda niter - nitronatrite 

Soddyite 456 

Sodium hydrogen phosphate 562 

Sodium uranospinite = naurasphyllite 

Sogdianite 380 

Sogdianovite - sogdianite 

Sohngeite 315 

Sokolovite 562 

Solanite 403 

Sollyite = dufrenoysite (■>) 
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Sommairite - Zn-melanterite 

Sonolite 391 

Sonomaite 606 

Sonoraite 565 

Sorbyite 253 

Sorensenite 362 

Souesite = Fe-nickelite 

Souxite = colloidal cassiterite + FeOOH 

Souzalite 551 

Spadaite = stevensite (?) 

Spangolite 332 

Specularite= hematite 

Spencerite 549 

Spencite = A1-yttromelanocerite 

Sperrylite 206 

Spessartine = manganoferalsilite and 

manganocalcmanalsilite 

Sphaerobertrandite 401 

Sphalerite 222 

S phene = titanite 

Spherocobaltine = cobaltocalcite 

Spinel 284 

Spinel (old) = magnesiospinel 

Spiroffite 564 

Spodiosite 562 

Spodumene 410 

Spurrite 394 

Staffelite = carbonate-apatite 

Stainierite = heterogenite 

Stannite 228 

Stannoenargite = Sn-enargite 

Stannoidite 228 

Stannoluzonite = Sn-stibioluzonite 

Stannopalladinite 198 

Stannoplatinite 198 

S tannotantali te = wodginite 

Stannotetrahedrite = Sn-stibiotetra- 

hedrite 

Staringite 301 

Starkeyite = leonhardtite 

Stasite = dewindtite 

Stassfurtite = boracite (fibrous ag¬ 

gregates) 

Stassfurtite I = Fe-boracite 

Stassfurtite II = Fe-boracite 

Staszicite = Zn-conychalcite 

StauroUte 388 

Steenstrupine 370 

Steigerite 496 

Stellerite = stilbite 

Stenhuggarite 289 

Stenonite 666 

Stephanite 240 

Stercorite 548 

Sternbergite 265 

Sterrettite 531 

Sterryite 253 

Stetefeldtite 277 

Stevensite 446 

Stewartite 560 

Stibianite = stibiconite 

Stibiconite 277 

Stiblite = stibiconite 

Stibiobismuthine = Sb-bismuthinite 

Stibiocolumbite 274 

Stibiodomeykite = Sb-domeykite 

Stibioenargite = Sb-enargite 

Stibiomicrolite = Sb-microlite 

Stibioniobite = niobostibiocolumbite 

Stibiopalladinite 205 

Stibiotantalite = tantalostibiocolumbite 

Stibiotellurobismutite = Sb-tellurobismutite 

Stibnite 246 

Stichtite = magchromohydrite-3R 

Stiepelmannite == La-florencite 

Stilbite 354 

Stilleite 222 

Stillwellite 423 

Stilpnochlorane 436 

Stilpnomelane 436 

Stishovite 297 

Stistaite = SnSb (belongs to special group 

of arsenides etc. class with sphalerite 

structure) 

Stokesite 419 

Stolzite 569 

Stottite 316 

Stranskiite 509 

Strashimirite 516 

Strengite = ferrivariscite 

Stromeyerite 241 

Strontianite 610 
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Strontioarsenapatite = Sr, ASO4- 

apatite 

Strontioborite 491 

Strontiocalcite = Sr-calcite 

Strontiofluorapatite = Sr-fluorapatite 

S iron tiogi no rite = strontium ginorite 

Strontiohilgardite 488 

Strontiohilgardite-lTc = strontiohilgardite 

Strontium alstonite = Sr-alstonite 

Strontium apatite = Sr-apatite 

Strontium aragonite = Sr-aragonite 

Strontium calcite = Sr-calcite 

Strontium cerussite = Sr-cerussite 

Strontium florencite = Sr-florencite 

Strontium ginorite 480 

Strontium perrierite = Sr-perrierite 

Strontium thomsonite = Sr-thomsonite 

Strunzite 560 

StrOverite (of Zambonini) = Fe, Ta-rutile 

Struvite 548 

Studtite 627 

StOtzite 212 

Suanite 472 

Sudoite 444 

Sukulaite 276 

Sulfate-apatite 589 

Sulfate-monazite = S04-monazite 

Sulfoborite 471 

Sulfohalite 586 

a-Sulfur 195 

0 -Sulfur 195 

y-Sulfur = rosickyite 

Sulvanite 230 

Sulvanite (old) = vanadiosulvanite 

Sundtite = ramdohrite (?) 

Suolunite = solanite 

Sursassite 405 

Susannite 624 

Sussexite 474 

Svabite 512 

Svanbergite 543 

Svidneyite - oxyamphibole (?) 

Svitalskite 458 

Swartzite 625 

Swedenborgite 278 

Switzerite 547 

Sychnodymite = Ni -carrollite 

Sylvanite 213 

Sylvine 637 

Symplesite 523 

Synadelphite 512 

Synchysite 616 

Syngenite 594 

Sysertskite = osmioiridosmine 

Szaibelyite 474 

Sz6chenyiite = arfvedsonite (optical 

variety) 

Szmikite 590 

Szomolnokite 590 

Taaffeite 281 

Tacharanite = var. of tobermorite 

Tachyhydrite 640 

Tadzhikite 423 

Tagilite 549 

Taeniolite 430 

Takovite 333 

Takanelite = (Ca, Mn)2Mn80ig- 2.5H2O 

(similar to Mn-rancie'ite) 

Talasskite = Fe^''’-ferroolivine 

Talc 432 

Talc-chlorite = Mg-magnesioclino- 

chlore 

Talktriplite = Fe, Mn-wagnerite 

T almessite 519 

Talnakhite 229 

Tamarugite 596 

Tancarbite 201 

Tangaite = A1-alumovariscite 

Tangeite 494 

Tantalbetafite = Ta-betafite 

Tantalocolumbite = Ta-niobio- 

columbite 

Tantalpyrochlore = microlite 

Tantalum (native) = tancarbite (?) 

Tantalum euxenite = tantaloeuxenite 

Tantalum polycrase = Ti-tantaloeuxenite 

Tantalum rutile = Ta-rutile 

Tanteuxenite = tantaloeuxenite 
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Tantoxite 313 

Tantpolycrase = Ti-tantaloeuxenite 

Tanzanite = V^’'‘-zoisite 

Tapalpite= AggBiSa (?) (Monroy. 1869) 

Tapiolite 301 

Taramellite 373 

Taramite = ferroferribarkevikile 

T aranakite 558 

Tarapacaite 575 

T arasovite 445 

Tarbuttite 540 

Tarnowitzite = Pb-aragonite 

Tatarkaite = clinochlore 

Tatarskite 600 

Tauriscite 592 

Tavistock! te = carbonate-apatite 

Tavorite 530 

Tawmawite = Cr-calcioepidote 

Taylorite (of Dana) = NH4-arcanite 

Tazheranite 278 

Teallite 264 

T eepleite 490 

T eineite 565 

Tellurbismuth = tellurobismuthite 

Tellurite 309 

T ellurium 196 

Tellurobismuthite 214 

Tengerite 617 

Tennantite= arsenotetrahedrite 

T enorite 272 

Tephroite = Mn-manganoknebelite 

Teremkovite 253 

Terlinguaite 652 

Ternovskite = var. of riebeckite 

Tertschite 483 

T eruggite 483 

Teschemacherite 622 

Teshirogilite = var. of rutile 

T etradymite 214 

Tetragonal natrolite 356 

Tetrahedrite 233 

Tetrakalsilite = tetragonal kalsilite 

Thalenite 396 

Thaumasite 422 

Thenardite 582 

Thermonatrite 618 

Thomsenolite 664 

Thomsonite (of Brooke) 355 

Thorbastnasite 618 

Thorchevkinite ^ Th-chevkinite 

Thoreaulite 304 

Thorgadolinite = Th-gadolinite 

Thorianite 269 

Thorite 381 

Thorium aeschynite = Th-aeschynite 

Thorium orthite = Th-cerioepidote 

Thoroaeschynite = Th-aeschynite 

Thorogummite = variously hydrated 

U-thorite 

Thorosteenstrupine = Th-steenstrupine 

Thorotungstite 573 

Thortveitite 396 

Thorutite 311 

Thulite = Mn -zoisite 

Thuringite = A1-alumochamosite 

Tiemannite = selenometacinnabarite 

Tienshanite 378 

Tikhonenkovite 658 

Tilasite 514 

Tilleyite 402 

Tin 194 

Tinaksite 365 

Tincal = borax 

Tincalconite 478 

Tin gahnite = Sn-gahnite 

Tinticite 548 

Tintinaite = PbgfSb.BDgSj, (Harris et al,, 

1968) 

Tinzenite 371 

Tirodite = Mn-cummingtonite 

Titanaugite = Ti-augite 

Titanbetaflte = Ti-betafite 

Titaniferous columbite = Ti-columbite 

Titanite 388 

Titanium magnetite = Ti-ferromagnetite 

Titanoaeschynite = Ti-aeschynite 

Titanobiotite = Ti-ferrobiotite 

Titanoelpidite = Ti-elpidite 

Titanoeuxenite = Ti-euxenite 

Titanomaghemite = Ti-ferrimagnetite 
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Titanomagnetite = Ti-ferromagnetite 

Titanonenadkevichite = Ti-niobionakal- 

niotitasilite 

Titanoolivine = Ti-olivine 

Titanophlogopite = Ti-magnesiobiotite 

Titanrhabdophane = tundrite 

Titanvesuvian = Ti-vesuvianite 

Tobermorite 435 

Tochilinite = 6FeS • 5(Mg, Fe)(OH)2 

(belongs to valleriite group) 

Tocornalite 645 

Toddite = mixture of uraninite and 

samarskite 

Todorokite 319 

Tombarthite 381 

Topaz 387 

Topazolite = var, of andradite 

Torbernite 555 

Torendrikite = Ca-magnesioalumoglau- 

cophane 

T brnebohmite 389 

Torreyite 332 

Tosalite = Fe-bementite 

Tosudite = dioctahedral analog of 

trioctahedral corrensite 

Transvaalite = heterogenite 

Traskite 366 

Trechmannite (of Solly) 238 

Tremolite 415 

Trevorite 285 

Trichalcite 515 

Triclinochloritoid 428 

Triclinocrandallite 562 

Triclinofoshagite 417 

Triclinogibbsite 323 

Triclinoroselite 519 

Tricuproaurite 194 

Tridymite 291 

6 -Tridymite 291 

Trigobornite 231 

Trigodigenite 232 

Trigonite 289 

Trigonomagneborite = macallisterite 

Trihydrocak'ite 627 

T rikalsilite 345 

Trimerite 358 

Trimontite = scheelite 

T ri phylite 538 

Triphylline fold) = ferrotriphylite 

T ri plite 541 

Triplite (old) = manganotriplite 

Tri ploidite 541 

Triploidite (old) = manganotri ploidite 

T ri ppkeite 306 

Tripuhyite 301 

Tritomite = Th-ceriomelanoceri te 

Triuite = colloidal Cu-heterogenite 

(a mixture) 

Trflgerite 522 

Trogtali te 243 

Troilite 220 

Trolleite 539 

Trona 626 

Troostite = Mn-willemite 

Trudellite 650 

Truscottite 434 

TrO stedtite 223 

Tscheffkinite = chevkinite 

Tschermakite 425 

Tschermigite 597 

Tsilaisite 377 

Tsumebite 545 

Tugtupite 361 

Tuhualite 379 

Tundrite 454 

Tunellite 487 

Tungsten-germanite = W-germanite 

Tungstenite 259 

Tungsten-powellite = W04-powellite 

Tungstic columbite = mixture of 

columbite and wolframite 

Tungstite 320 

Tungusite 458 

Tunisite 621 

Tunnerite - woodruffite (?) 

Turanite = mottramite 

Turquoise 535 

Tusiite = calcopiapite 

Twinnite 235 

Tychite 617 

Tynite 458 

Tyretskite 488 
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Tyrolite 518 

Tyrrellite 223 

Tysonite 667 

Tyuyamunite ^ tyuyamuyunite 

Tyuyamuyunite 503 

Udokanite 606 

Uduminelite = hydrous alumophosphate of 

calcium, not investigated (Shibata, 1950) 

Ufertite = davidite 

Uhligite (of Hauser) = Zr, A1-perovskite 

Uigite = var. of thomsonite 

Uklonskovite 600 

Ulexite 484 

Ullmannite 244 

Ulvospinel 285 

Umangite 232 

Umohoite 325 

Ungemachite 600 

Uralborite 474 

Uralite = amphibole pseudomorphous 
after pyroxene 

Uralolite 553 

Uramphite 556 

Uraninite 273 

Uranium wulfenite = U-wulfenite 

Uranmicrolite = U-microlite 

Uranocircite 556 

Uranophane 455 

B-Uranophane 455 

Uranopilite 602 

Uranospathite = P04-zeunerite 

Uranosphaerite 333 

Uranospinite 522 

Uranothorite = U-thorite 

B-Uranotile = 6-uranophane 

Uranpyrochlore = U-pyrochlore 

Urbanite = Na, Fe-diopside 

Ursilite = calcursilite (part) and 

magursilite (part) 

Usovite 667 

Ussingite 350 

Ustarasite = Pb-bismuthinite (?) 

Uvanite 500 

Uvarovite 382 

Uvite 377 

Uzbekite = volborthite 

V aesite 243 

Valentinite 300 

Valleriite 264 

Vanadic ocher 308 

Vanadinite 494 

Vanadinmica = roscoelite 

Vanadium-germanite = V-germanite 

Vanadium grossular = V-alumogrossular 

Vanadium pyromorphite = V04-phos- 

phoromimetite 

Vanadium tourmaline = V-schorlite 

Vanadium wulfenite = V04-wulfenite 

Vanadomagnetite = V-ferromagnetite, 

coulsonite (part) 

Vanalite 504 

Vandenbrandeite 327 

Vandendriesscheite 327 

Vanoxite 333 

Vanthoffite 584 

Vanuralite 503 

Vanuranylite 503 

Variscite 531 

Variscite (old) = alumovariscite 

Varlamoffite = colloidal cassiterite + 

FeOOH 

Varulite = manganohagendorfite 

V aterite 611 

Vaterite-B = vaterite 

V auquelinite 576 

Vauxite 560 

V ayrynenite 552 

Veatchite 489 

p-Veatchite = paraveatchite 

Veenite 235 

Verdelite = Cr-schorlite 

Vermiculite 446 

Vermont! te = Co-arsenopyrite 

Vernadite = colloidal todorokite (?) 

Vernadskite = pseudomorph of antlerite 

after dolerophanite 
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Verplanckite 378 

Vesbine = cupridescloizite 

Vesignieite 495 

Vesuvianite 404 

Veszelyite 549 

Vietinghofite = Fe-niobiosamarskite 

Villamaninite 243 

Villiaumite 661 

Vimsite 480 

Vinogradovite 426 

Violarite 223 

Viridine = Fe^"^, Mn^-andalusite 

Vis^ite 532 

Vishnevite = sulfate-cancrinite 

Vivianite 558 

Vladimirite 520 

Vlasovite 364 

Voelckerite 541 

Voglite 625 

Volborthite 498 

Volkonskoite 445 

Volkovite = strontium ginorite 

Volkovskite 487 

Voltaite 595 

Voltzite 266 

Volynskite 214 

Vonsenite = ferrotriploidite and 

Fe-ludwigite 

Vorobyevite = Cs-beryl 

Vrbaite 236 

Vredenburgite (of Fermor) = intergrowth 

of jacobsite and hausmannite 

a-Vredenburgite 287 

Vudyavrite = mixture of hydrated oxides 

of Ce, Ti, and Si 

Vulcanite 215 

Vysotskite 221 

Wadeite 362 

Wagnerite 541 

Wairakite 351 

Wairauite 193 

Wakefieldite 493 

Wallisite 236 

Walpurgite 524 

Walstromite 370 

Waltherite 627 

Wardite 551 

Wardsmithite 491 

Warwick!te 467 

Wathlingenite = kieserite 

Wattevillite = Na2Ca(H20)4[S04]2(?) 

(astrakhanite group) 

W avellite 549 

Waylandite 543 

Weberite 667 

Weeksite 457 

Wegscheiderite 622 

Wehrlite 216 

Weibullite = Se-galenobismutite 

Weilite 518 

Weilerite 513 

Weinschenkite = churchite 

Weissite 211 

Welinite 287 

Wellsite = K-harmotome 

Weloganite 618 

Wenkite 349 

Wermlandite = Ca2Mgi4(Al, 80)4(003) • 

(0H)42 • 29H2O (hydrocalumite group) 

Wernerite= scapolite 

Weslienite =F-romdite 

Westgrenite 276 

Whartonite = Ni-pyrite 

Wherryite 589 

Whitlockite 537 

Whitneyite = As-copper (?) 

Wickenburgite 380 

Wickmanite 316 

Widenmannite 627 

Wightmanite 471 

Wiikite = metamict betafite (part) 

Wiikeite = Si04, S04-fluorapatite 

Wilkmanite 225 

Willemite 383 

Willemseite 432 

Willyamite 244 

Wiluite (of von Leonhard) = B-vesuvianite 

Winchite = Mn-richterite (tremolite) 

Winebergite 606 

Wisakonite = V-thorite (metamict) 
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Wiserite 473 

Wismuthantimon = Bi-antimony 

Witherite 610 

Wittichenite 254 

Wittite = Se-hammarite 

Wodanite = Ti-biotite 

Wodginite 302 

Wdhlerite 399 

Wolchonskoite = volkonskoite 

Wolfachite = Sb-gersdorffite 

Wolframite 302 

Wolframoixiolite = W-ixiolite 

Wolfeite = ferrotriploidite 

Wolfram-Powellite = W04-powellite 

Wollastonite 410 

Wolsendorfite 327 

Woodfordite == ettringite (?) 

Woodhouseite 543 

Woodruffite 319 

Wulfenite 569 

Wurtzite 223 

Wlistite 271 

Wyartite 327 

Wyarite I = wyartite 

Wyarite II = parawyartite 

Xanthiosite 509 

Xanthochroite = var, of greenockite 

Xanthoconite 239 

Xanthophyllite 441 

Xanthoxenite 550 

Xenotime 536 

Xonotlite 417 
2+ 3 + 

Xylotilite = Fe Fe -chrysotile 

Yagiite 379 

Yamaguchilite = metamict P04-zircon 

Yamatoite = Mn -goldmanite 

Y avapaiite 583 

Yberisilite 446 

Yeatmanite 390 

Yellow yttrotantalite = Ta-yttrofergusonite 

Yoderite 388 

Yokosukaite = nsutite 

Yoshimuraite 453 

765 

Yttergarnet = Y-grossular 

Yttrialite-I 396 

Yttrialite-II 396 

Yttrium aeschynite = Y-aeschynite 

Yttrium spessartine = Y-manganoman- 

feralsilite 

Yttrobastnasite 613 

Yttrocalciofluorite 669 

Y ttrocalcite = Y -calcite 

Yttrocerite = Ce-fluorite 

Yttrocrasite = Th, Ti -euxenite 

Yttrofluorite = Y-fluorite 

Yttromanganoilmenite = Mn, Y- 

ferroilmenite 

Y ttro-orthite = muromontite 

Yttrosynchysite = Y-synchysite 

Yttrotantalite (black) = Nb-formanite 

(part), tantalosamarskite (part) 

Yttrotitanite = Y-titanite 

Yttrotungstite 573 

Yugawaralite 357 

Yukon!te 525 

Yuksporite = rosenbuschite 

Zaratite 619 

Zavaritskite 653 

Zellerite 625 

Zemannite 565 

Zeophyllite 430 

Zeunerite 521 

Zeyringite = mixture of aragonite with 

auri chalcite 

Zinalsite = var, of sauconite (? ) 

Zinc 194 

Zincaluminite 332 

Zinc-aragonite = Zn-aragonite ( ?) 

Zinc blende = sphalerite 

Zincboothit = Zn-booth! te 

Zinc cerussite = Zn-cerussite (?) 

Zinc chromite = Zn-ferrochromite 

Zinc dannemorite = Mn, Zn-cumming- 

toni te 

Zinc-fauserite = Zn-fauserite 

Zinc hexahydrite 591 

Zincite 272 

Zinc jacobsite = Zn-jacobsite 
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Zinckenite 249 

Zinclavendulan 518 

Zincmelanterit = Zn-melanterite 

Zincobotryogen 601 

Zincocaldte = Zn-calcite 

Zincoc-opiapite 601 

ZincolLvenit -= Zn-olivenite 

Zincorhodochrosit =Zn-manganomanfercite 

Zinc-roc'kbridgeiTe 544 

Zinc-rtSmerite = Zn-r5merite 

Zincrosasite = rosasite 

Zinc-saponite - Zn-saponite 

Zincsilite 446 

Zinc tourmaline = Zn-elbaite 

Zinkosite 580 

Zinksiderit = Zn-ferromanfercite 

Zinkstaurolith =; Zn-staurolite 

Zinkvredenburgite - intergrowth of 

frankUnite and heterolite 

Zinnwaldite 443 

Zippeite 602 

Zircon 381 

Zirconium betafite = Zr-betafite 

Zirconium schorlomite - Zr, Ti-ferrigros- 

sular 

Zirconolite 278 

Zircosulfate 590 

Zirkelite fof llussak and Priori = zirco¬ 

nolite I 7) 

Zirklerite 649 

Zirlite = gibbsite 

Zodite = Sb-tellurobismutite 

Zoisite 404 

Zunyite 407 

Zussmanite 429 

Zvyagintsevite 194 

Zwieselite = ferrotriplite 
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