
~- ~------- 

Crystallographic Data For Minerals 

Joseph R. Smyth and Tamsin C. McCormick 
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With the advent of modern X-ray diffraction instruments 
and the improving availability of neutron diffraction 
instrument time, there has been a substantial improvement 
in the number and quality of structural characterizations of 
minerals. Also, the past 25 years has seen great advances in 
high pressure mineral synthesis technology so that many 
new high pressure silicate and oxide phases of potential 
geophysical significance have been synthesized in crystals 
of sufficient size for complete structural characterization by 
X-ray methods. The object of this work is to compile and 
present a summary of these data on a selected group of the 
more abundant, rock-forming minerals in an internally 
consistent format for use in geophysical and geochemical 
studies. 

Using mostly primary references on crystal structure 
determinations of these minerals, we have compiled basic 
crystallographic property information for some 300 
minerals. These data are presented in Table 1. The minerals 
were selected to represent the most abundant minerals 
composing the crust of the Earth as well as high pressure 
synthetic phases that are believed to compose the bulk of the 
solid Earth. The data include mineral name, ideal formula, 
ideal formula weight, crystal system, space group, structure 
type, Z (number of formula units per cell), unit cell edges, a, 

b, and c in Angstrom units (lo-lo m) and inter-axial angles 
cc, p, yin degrees, unit cell volume in A3, molar volume in 
cm3, calculated density in Mg/m3, and a reference to the 
complete crystal structure data. 

To facilitate geochemical and geophysical modeling, data 
for pure synthetic end mcmbcrs arc presented when 
available. Otherwise, data arc for near end-member natural 
samples. For many minerals, structure data (or samples) for 
pure end members are not available, and in these cases, 
indicated by an asterisk after the mineral name, data for an 
impure, natural sample are presented together with an 
approximate ideal formula and formula weight and density 
calculated from the ideal formula. 

In order to conserve space we have omitted the precision 
given by the original workers in the unit cell parameter 
determination. However, we have quoted the data such that 
the stated precision is less than 5 in the last decimal place 
given. The cell volumes, molar volumes and densities are 
calculated by us given so that the precision in the last given 
place is less than 5. The formula weights presented are 
calculated by us and given to one part in approximately 
20,OflO for pure phases and one part in 1000 for impure 
natural samples. 
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Table 1, Crystallographic Properties of Minerals. h) 

Formula Crystal Space structure z a B Y Unit Cell Molar Density Ref. 
Weight System Group Type (4 (“! (“) Vol (K3) Vol (cm3) (calc)(h4g/m3) 

Mineral Formula 

Single Oxides 
Hemhxkie 
cuprite cuzo 
Monoxides Group 
Periclase NsO 
WUStite Fe0 
Lime CaO 
Bunsenite NiO 
Munganosite MnO 
Tenorite cue 
Montroydite HgO 
Zincite ZnO 
Bromellite Be0 
sesquioxide Group 

143.079 Cub. Pdm Cuprite 2 4.2696 17.833 23.439 6.104 25 

40.312 Cub. F&n Halite 4 4.211 
71.848 Cub. F&n Halite 4 4.3108 
56.079 Cub. F&n Halite 4 4.1684 
74.709 Cub. F&m Halite 4 4.446 
70.937 Cub. Fm%m Halite 4 4.8105 
79.539 Mono.C2lc Tencrite 4 4.6837 3.4226 

216.589 Orth. Prima Montroydite 4 6.612 5.20 
81.369 Hex. P63mc Wurtzite 2 3.2427 
25.012 Hex. P63nu: Wurtzite 2 2.6984 

74.67 11.244 3.585 93 
80.11 12.062 5.956 61 

111.32 16.762. 3.346 235 
72.43 10.906 6.850 235 
87.88 13.223 5.365 195 

99.54 8 1.080 12.209 6.515 11 
128.51 19.350 11.193 12 
47.306 14.246 5,712 189 
26.970 a.122 3.080 189 

5.1288 
3.531 
5.1948 
4.2770 

254.80 25.517 3.986 157 
302.72 30.388 5.255 23 
289.92 29.093 5.224 157 
297.36 29.850 5.021 157 
834.46 31.412 5.027 75 

1171.9 44.115 10.353 167 
331.8 49.961 3.960 176 

1358.19 51.127 3.870 177 
1386.9 52.208 5.583 217 
331.27 49.881 5.844 216 

Corundum 
Hematite 
Eskolaite 
Kureliunite 
Bixbyite 
Avicennite 
Claudetite 
Arsenolite 
Senurmontite 
Valentinite 
Dioxide Group 
Brookite 
Anatase 
Rutile 
Cassiterite 
Stishovite 
Pyrolusite 
Baddeleyite 
Uianinite 
Thoriunite 

-41203 

Fe203 

Cr203 

v203 

Mnz03 

T1203 

AS203 

AS203 

SW3 

Sb203 

TiO2 79.890 Orth. Ph Brookite 8 9.184 5.447 
TiO2 79.890 Ten. Mtlamd Anatase 4 3.7842 
Ti02 79.890 Tetr. P42/mnm Rutile 2 4.5845 
SnO2 150.69 Tetr. P42/mnm Rutile 2 4.737 
SiO2 60.086 Tea P4dmnm Rutile 2 4.1790 
MnO2 86.94 Ten. P42/mnm Rutile 2 4.3% 
m2 123.22 Mono.P;?t/c Baddeleyite 4 5.1454 5.2075 

UOZ 270.03 Cub. F&m Fluorite 4 5.4682 
Th02 264.04 Cub. F&m Fluorite 4 5.5997 

Multiple Oxides 

Chry~Yl 
Spin.51 Group 
Spine1 
Hercynite 
Magnesiofenite 

BeAl& 126.97 Orth. Prunb Oiivine 4 4.424 9.396 5.471 227.42 34.244 3.708 96 

M&Q 
FeA120.t 
MgFezQ 

Mugnesiochromite M&r204 
Magnetite FeFe204 
Jacobsite MnFe204 
Chnnnite FeCr204 

101.961 Trig. 
159.692 Trig. 
151.990 Trig. 
149.882 Trig. 
157.905 Cub. 
456.738 Cub. 
197.841 Mono. 
197.841 Cub. 
291 A98 Cub. 
291.498 Chth. 

R3C 

R% 
R% 
R% 
la7 
1ClS 
P21ln 
F&m 
F&m 

6 4.7589 
6 5.038 
6 4.9607 
6 4.952 

16 9.4146 
16 10.543 
4 7.99 4.65 

16 11.0744 
16 11.1519 
4 4.911 12.464 

12.9912 
13.772 
13.599 
14.002 

Corundum 
Corundum 
Corundum 
Bixbyite 
Bixbyite 
Claudetite 
Arsenolite 
Arsenolite 
Vulentinite 

9.12 78.3 

5.412 

5.145 
9.5146 
2.9533 
3.185 
2.6651 
2.871 
5.3107 

257.38 19.377 4.123 17 
136.25 20.156 3.895 105 
62.07 18.693 4.2743 204 
71.47 21.523 7.001 15 
46.54 14.017 4.287 20 
55.48 86.937 5.203 121 

140.45 21.149 5.826 208 
163.51 24.620 10.968 126 
175.59 26.439 9.987 227 

99.23 

142.27 Cub. F&m Spinet 
173.81 Cub. F&m Spinet 
200.00 Cub. F&m Spine1 - 

8 8.0832 
8 8.1558 
8 8.360 
8 8.333 
8 8.394 
8 8.5110 
8 8.3794 

528.14 39.762 3.578 61 
542.50 40.843 4.256 99 
584.28 43.989 4.547 100 
578.63 43.564 4.414 100 
591.43 44.528 5.200 100 
616.51 46.416 4.969 100 
588.31 44.293 5.054 100 
62 1.96 46.826 4.775 106 

192.30 Cub. F&m Spine1 
231.54 Cub. Fcdm Spine1 
230.63 Cub. k’&m Spine1 
223.84 Cub. F&m Spine1 - 

Ulvwspinel TiFe204 223.59 Cub. F&m Spinet 8 8.536 



Table 1. Crystallographic Properties of Minerals (continued). 

Mineral Formula Fotmula Crystal Space StNCtUE z 0 Y Unit Cell Molar Density Ref. 
Weight System Group ‘be (A) (“) Vol (A3) Vol (cm3) (calc)(Mg/m3) 

Tilanale Group 
Ihnenite FeTiOs 
Pyrophanite MnTiO3 
Perovskite CaTi 
Armalcolite Mg.@esTiS% 
Pseudobrookite FeaTi 
Tungstates and Molybdnks 

151.75 Trig. R? Ilmenite 6 5.0884 14.0855 315.84 3 1.705 4.786 229 
150.84 Trig. Rs Ilmenite 6 5.137 14.283 326.41 32.766 4.603 235 
135.98 Orth. Pbnm Perovskite 4 5.3670 5.4439 7.6438 223.33 33.63 4.044 113 
215.88 Otth. Bbmm Pseudobrookite 4 9.7762 10.0214 3.7485 367.25 55.298 3.904 230 
239.59 Orth. Bbmm Pscudobrookite 4 9.747 9.947 3.717 361.12 54.375 4.406 3 

Ferberite FeW04 
Huebnerite MnW04 
Scheelite CaWO4 
Powellitc CaMoO4 
Stolzite Pbwo4 

Wulfenite PbMoO4 

303.70 Mono. PZ/c Fe&rite 2 4.730 5.703 4.952 90.0 133.58 40.228 7.549 225 
302.79 Mono.P2/c Ferberite 2 4.8238 5.7504 4.9901 91.18 138.39 4 1.676 7.265 231 
287.93 Tetr. 141/a Scheelite 4 5.243 11.376 312.72 47.087 6.115 114 
200.02 Tetr. 141/a Scheelite 4 5.23 11.44 301.07 45.333 4.412 101 
455.04 Tetr. 141/a Scheelite 4 5.46 12.05 359.23 54.091 8.412 101 
367.12 Tctr. 141/a Scheelite 4 5.435 12.11 357.72 53.864 6.816 101 

Hydroxides 
Gibbsite 
Diaspore 
Bochmite 
Brucitc 
Goethite 
Lepidoehrosite 

WW3 

AID 

APOW 
MgWh 
FeO(OH) 
FeO(OH) 

78.00 Mono.P2t/n 
59.99 Orth. Pbnm 

59.99 Orth. Amam 

58.33 Trig. !%I 
88.85 Or&. Pbnm 

88.85 orth. cmczt 

Gibbsite 8 8.684 5.078 9.736 
4 4.401 9.421 2.845 
4 3.693 12.221 2.865 
1 3.124 4.766 
4 4.587 9.937 3.015 
4 3.08 12.50 3.87 

9454 

Boehmite 
Brucite 
Gocthite 
Boehmite 

427.98 32.222 2.421 188 
117.96 17.862 3.377 34 
129.30 19.507 3.075 98 
40.75 24.524 2.377 243 

137.43 20.693 4.294 65 
148.99 22.435 3.961 43 

Carhonotes 
Magnesite 
Smithsonite 
Siderite 
Rhodochrositc 
Otavite 
Calcite 
Vaterite 
Dolomite 
Ankerite 
Aragonite 
Strontianite 
Cerussite 
Witherite 
Amrite 
Malachite 

M&03 84.32 Trig. R% 
zatco3 125.38 Trig. R% 
FeCQ 115.86 Trig. R% 

MnCOs 114.95 Trig. R% 

CdCOj 172.41 Trig. R% 

CaC03 100.09 Trig. R?c 

CaC03 100.09 Hex. P63hmc 

CaMgKQh 184.41 Trig. d 
c*dco3)2 215.95 Trig. RT 

CaC03 100.09 orth. Pmcn 

SrC03 147.63 Orth. Pmcn 

Pbco3 267.20 Orth. Pmcn 

BaC03 197.39 orth. Pmcn 

Cu3@H)2(C03)2 344.65 Mon0.P2~/c 

Cuz@H)zC% 221.10 Mono.P2t/a 

Calcite 
Calcite 
Calcite 
Calcite 
Calcite 
Calcite 
Vaterite 
Dolomite 
Dolomite 
Aragonite 
Aranonite 

Y 

Araaonite 
Aragonite 
Amrite 
Malachite 

6 4.6328 15.0129 
6 4.6526 15.0257 
6 4.6916 15.3796 
6 4.7682 15.6354 
6 4.923 16.287 
6 4.9896 17.0610 

12 7.151 16.937 
3 4.8069 16.0034 
3 4.830 16.167 
4 4.9614 7.9671 5.7404 
4 5.090 8.358 5.997 
4 5.180 8.492 6.134 
4 5.3126 8.8958 6.4284 
2 5.0109 5.8485 10.345 
4 9.502 11.974 3.240 

92.43 
98.75 

279.05 28.012 3.010 54 
281.68 28.276 4.434 54 
293.17 29.429 3.937 54 
307.86 30.904 3.720 54 
341.85 34.316 5.024 26 
367.85 36.9257 2.7106 54 
750.07 37.647 2.659 146 
320.24 64.293 2.868 182 
326.63 65.516 3.293 21 
226.91 34.166 2.930 51 
255.13 38.416 3.843 51 
269.83 40.629 6.577 191 
303.81 45.745 4.314 51 
302.90 91.219 3.778 245 
364.35 54.862 4.030 244 

Nitrates 
Soda Niter 
Niter 

Berates 
Borax 

Nd% 85.00 Trig. R% Calcite 6 5.0708 16.818 374.51 37.594 2.261 198 
KNOs 101.11 or&l. Pmcn Aragonite 4 5.4119 9.1567 6.5189 323.05 48.643 2.079 159 

Na2B40s(OH)4.8HaO 381.37 Mono. C2/c 11.885 10.654 12.206 106.62 1480.97 223.00 1.710 128 



Table 1. Crystallographic Properties of Minerals (continued). P 

Mineral Formula FormulaCrystal Space StNCtUE % a 

(A) 
Y Unit Cell Molar Density Ref. 

Weight System Group TYPe (“) Vol (A3) Vol (cm3) (calc)(Mg/m3) 
2 b 

Kernite Na2B406(0tI)2.31~20 
Colemanite CZ~B~O~(OH)~.H~O 

273.28 Mono. P21k Kernitc 4 7.0172 9.1582 15.6114 108.86 953.41 143.560 
205.55 Mono. P2,la Colemanitc 4 8.74” 1 I.264 6.102 110.12 564.30 84.869 

1.904 48 F 

2.419 42 E; 
Q 

BaS04 233.40 Orth. Pbnm Baritc 4 7.157 8.884 5.457 346.91 52.245 
SrS04 183.68 Orth. Pbnm I&rite 4 6.870 8.371 5.355 307.96 46.371 
PbS04 303.25 Oh. Pbnm Barite 4 6.959 8.482 5.398 318.62 47.911 
CaS04 136.14 Orth. Amma Anhydrite 4 7.006 6.998 6.245 306.18 46.103 

CaS042H20 
KAk@0dz(0Hki 
KFes(S0dz(‘W6 
CU3(S04)(OW4 

NqSO4 
K2SG4 
MgS047HzO 

15.201 172.17 Mono.lZ/a GypSlUll 4 5.670 
414.21 Trig. RTm Alunite 3 7.020 
500.81 Trig. RTm Alunite 3 7.304 
354.71 orth. Prima Antlerite 4 8.244 
142.04 Orth. F&ii Thenardite 8 9.829 
114.21 Orb. Pmcn Arcanite 4 5.763 
246.48 orth. P212121 Epsomite 4 11.846 

118.60 

6.043 
12.302 
10.071 
12.002 

6.533 
17.223 
17.268 
11.987 
5.868 
7.476 
6.859 

494.37 74.440 
735.04 147.572 
797.80 160.172 
597.19 89.920 
709.54 53.419 
433.90 65.335 
975.18 146.838 

Cag(PO&OH 
WPWsF 
Ca#O&CI 
ccPo4 

ym4 

W~~~dWQh 

LiFcPOq 
LiMnP0.j 
LiAI(F,OH)POd 
AMOW3W 
Am4 

502.32 Hex. P63lm Apatite 
504.31 Hex. P63/m Apatite 
520.77 Hex. P63im Apatite 
235.09 Mono.P2t/n Monazite 
183.88 Tetr. I4tlomd Ziicon 

7.04 

2133. Trig. R3c Wbitlockite 
157.76 Grth. Pmnb Olivine 
156.85 Orth. Pmnb Olivine 
146.9 Tric. Pi Amblygonite 
199.9 Mono.C2/m Augelitc 
121.95 Trig. P3t21 Qu== 

2 9.424 
2 9.361 
2 9.628 
4 6.71 
4 6.878 
3 10.330 
4 10.334 
4 6.05 
2 5.18 
4 13.124 
3 4.943 

6.879 529.09 159.334 3.153 214 
6.884 523.09 157.527 3.201 215 
6.764 543.01 163.527 3.185 137 
6.46 104.0 298.7 44.98 5.23 76 
6.036 285.54 43.00 4.277 123 

37.103 3428.8 688.386 3.099 38 
4.693 291.47 43.888 3.595 237 
4.71 294.07 44.280 3.542 101 
5.04 112.11 97.78 67.88 160.20 48.242 3.045 16 
5.066 112.42 490.95 73.924 2.705 101 

10.974 232.21 46.620 2.616 206 

6.010 
10.32 
7.15 
7.988 

Garnet 8 11.452 1501.9 113.08 3.565 8 
Garnet 8 11.531 1533.2 115.43 4.312 8 
Garnet 8 11.612 1565.7 117.88 4.199 161 
Garnet 8 11.845 1661.9 125.12 3.600 161 
Garnet 8 12.058 1753.2 13 1.99 3.850 161 
Garnet 8 11.988 1722.8 129.71 3.859 161 

MgzSiQ 
FqSiO4 
MnzSi04 
Ni2Si04 
Ca2Si04 
CqSiO4 
CaMgSiOd 
CaFeSi 

403.15 Cub. l&d 
497.16 Cub. I&d 

495.03 Cub. In% 
403.15 Cub. IaTd 

508.19 Cub. IaTd 

500.48 Cub. IaTd 

140.70 orth. Pbw?z 
203.77 Orth. Pbnm 
201.96 Orth. Pbnm 

209.50 Ortb. Ptnm 

172.24 Orth. Phm 

209.95 Orth. Pbmn 
156.48 orth. Pbnm 

188.01 Orth. Pbnm 

Olivine 4 4.7534 10.1902 5.9783 289.58 43.603 3.221 69 
Olivine 4 4.8195 10.4788 6.0873 307.42 46.290 4.402 69 
Olivine 4 4.9023 10.5964 6.2567 325.02 48.939 4.121 69 
Olivine 4 4.726 10.118 5.913 282.75 42.574 4.921 124 
Olivine 4 5.078 11.225 6.760 385.32 58.020 2.969 50 
Olivine 4 4.7811 10.2998 6.0004 295.49 44.493 4.719 32 
Olivine 4 4.822 11.108 6.382 341 .x4 51.412 3.040 165 
Olivine 4 4.844 10.577 6.146 314.89 47.415 3.965 32 

Sulfates 
Barite 
Celestite 
Anglesite 
Anhydrite 

Gypsum 
Alunite* 
Jamsite* 
Antleritc 
Thenarditc 
Arcanite 
Epsomite 

Phosphates 
Hydroxyspatite 
Fluorapatite 
Chlorapatite 
Monazitc 
Xenotime 
Whitlockite 
Triphylite 
Lithiophyllite 
Amblygonite* 
AugeIite* 
Berlinite 

Orthosillcates 
Garner Group 

Almandine 
Spessartine 
Grossular 
Andradite 
Uvarovite 
Olivine Group 

Forsterite 
Fayalite 
Tephroitc 
Liebenbergite 
Ca-olivine 
Co-olivine 
Monticellite 
Kirschsteinite 

2.953 118 u 

2.313 46 
2.807 145 
3.127 112 
2.959 91 $ 
2.659 90 z 
2.661 142 m 

1.678 36 F 
v1 



Table 1. Crystallographic Properties of Minerals (continued). 

Mineral Fonnula Formula Crystal Space Stlucture z a 

(A) 8, 
Y Unit Cell Molar Density Ref. 

Weight System Group Type (“1 Vol (A3) Vol (cm3) (calc)(Mg/m3) 

Zircon Group 

Zircon ZrSiO4 

Hafnon HfSi04 

Thorite* ThSiO4 

Coffinhe’ USi 

Wilhife Group 

Phenacite BezSi04 

Willemite ZnzSiO4 

Eucryptite LiAlSIO4 
Ahminosilicate Group 

Andalusite Al2SiOS 

Sillimanite AlzSi05 
Kyanite A12SiO5 

Topaz Al$i04(OH,E)2 

Humite Group 

Norbergite* Mg3Si04F2 

Chondrodite* MgstSiOdzF2 
Humite* MmMW3Fz 
Clinohumite* MgdSQhFz 
Staurolite* Ee.+ALtaSixO&OH)2 

Other Ortbosilicotes 
Titanite CaBSi 
Datolite CaBSiOd(OH) 

Gadolinite* BE$eB2SizOto 
Chloritoid* FeA12Si05(OH)z 
Sapphirine* MgwWit.502o 
Prehnite* Ca2Ai(Al,Si3)0to(OH)2 

183.30 Tetr. Irlllumd Zircon 4 6.6042 5.9796 260.80 39.270 4.668 95 

210.51 Tetr. 14~lumd Zircon 4 6.5125 5.9632 257.60 38.787 6.916 212 

324.1 Tetr. 14tlumd Zircon 4 7.1328 6.3188 321.48 48.401 6.696 222 

330.2 Tetr. 14@zd Zircon 4 6.995 6.236 305.13 45.945 7.185 115 

110.10 Trig. R7 Wiilemite 18 12.472 8.252 1111.6 37.197 2.960 241 

222.82 Trig. RI Willemite 18 13.971 9.334 1577.8 52.195 4.221 207 

126.00 Trig. Rj Willemite 18 13.473 9.001 1415.0 41.341 2.661 97 

162.05 Orth. Pnnm Andalusite 4 7.7980 7.9031 5.5566 

162.05 Orth. Pbam Sillimanite 4 1.4883 1.6808 5.7774 

162.05 Tric. PI Kyanite 4 1.1262 7.8520 5.5741 89.99 
182.0 Orth. Pbnm Topaz 4 4.6651 8.8381 8.3984 

342.44 51.564 3.1426 233 

332.29 50.035 3.2386 233 

106.03 293.72 44.221 3.6640 233 

346.21 52.140 3.492 242 
101.11 

203.0 Orth. fhm 

343 .I Monof2tlb 
484.4 Oh. fhm 

624.1 Mono. f&lb 
1704. Mono. c2/m 

Norbergite 4 4.7104 10.2718 8.7476 

Chondrodite 2 4.7284 10.2539 7.8404 
Hurnite 4 4.7408 10.2580 20.8526 

Clinohumite 2 4.7441 10.2501 13.6635 
Staurolite 1 7.8713 16.6204 5.6560 

423.25 63.13 3.186 13 

359.30 108.20 3.158 74 
1014.09 152.70 3.159 183 

652.68 196.55 3.259 186 

139.94 445.67 3.823 209 

109.06 

100.786 
90.0 

196.06 Mo~o.~?$/Q Titanite 4 7.069 8.122 6.566 

159.94 Mono.f&lc Datolite 4 4.832 7.608 9.636 

604.5 Mono f&/a Datolite 2 lO.ooo 7.565 4.786 

251.9 Tric. Pi Chioritoid 4 9.46 5.50 9.15 97.05 

690.0 Mono.fZ& Sapphirine 4 11.266 14.401 9.929 

412.391 Orth. fxm Prehnite 2 4.646 5.483 18.486 

90.40 

90.31 

101.56 
125.46 

C~(Mg~eAl)AlaSi~~O~42(0H)r~l915.1 Mono.CZlm 

HFeCa&BSbOra 570.12 Tric. fi 
Pumpelieyite 1 8.831 5.894 19.10 97.53 
Axinite 2 1.151 9.199 8.959 91.8 98.14 

370.23 55.748 3.517 213 

354.23 53.338 2.999 63 

360.69 108.62 5.565 148 

90.10 462.72 69.674 3.616 88 

1312.11 197.57 3.493 149 

470.91 141.82 2.908 170 

985.6 593.6 3.226 172 

77.30 569.61 171.54 3.324 220 
Pumpelleyite 

Axinite 

Sorosiiicates & Cyciosiiicates 

Epidote Group 

Zoisite Cafil&Otz(OH) 
Clinozoisite Ca2Al$Si3012(OH) 
Hancockite* Ca(Rh,Sr)FeAl2Si30r~(OH) 
Allanite* CaBE(Al,Fe)$i30t2(0H) 

Epidote* Ca~FeAl#i30t2(0H) 
Melilite Group 

Melilite* CaNaAlSizq 

Gehlenite* Ca;?AlAiSi@ 

Akerrnanite Ca2MgSi207 

Olher Sorosilicates and Cyclosilictaes 

Lawsonite CaAizSiz07(OH)$I20 

BUYi Be3Ai2SieOtx 
Cordierite’ MgzA4SisOts 

454.36 ortb. funa Zoisite 4 16.212 5.559 10.036 
454.36 Mono. Pztlm Epidote 2 8.819 5.583 10.155 
590.6 Mono.f21/m Epidote 2 8.96 5.67 10.30 

565.2 Mono.f2t/m Epidote 2 8.927 5.761 10.150 

454.4 Mono.f 2t/m Epidote 2 8.8877 5.6275 10.1517 

904.41 136.19 3.336 52 
454.36 136.83 3.321 52 
416.5 143.5 4.12 53 

413.97 142.74 3.96 53 

458.73 138.15 3.465 70 

115.50 
114.4 

114.77 

115.383 

258.2 Ten. fa21rn Meiilite 2 7.6344 5.0513 294.41 88.662 2.912 134 

214.2 Tetr. fZ21m Melilite 2 7.7113 5.0860 302.91 91.220 3.006 135 

212.64 Tetr. fZ2lrn Meiiiite 2 7.835 5.010 307.55 92.6 19 2.944 116 

314.24 orth. ccmm Lawsonite 4 8.795 

537.51 Hex. P6lmmc Beryl 2 9.2086 

584.97 orth. ccmm Betyl 4 17.079 

5.841 

9.730 

13.142 615.82 101 .I6 3.088 19 

9.1900 614.89 203.24 2.645 152 

9.356 1554.77 234.11 2.499 45 



Table 1. Crystallographic Properties of Minerals (continued). m 

Mineral Fotmula Formula Crystal Space structure 2 a Unit Cell Molar 
Weight System Group Type (A) (S, 

Y Density Ref. 
(“) Vol (A3) Vol (cm3) (calc)(Mg/m3) 

Tourmaline* NaFe~Al&S~0~7(0H)~ 1043.3 Trig. R3m 
Vesuvianite* CatgFezMgAltoSitsqo(OH,F)s2935. Tetr. P4/nnc 

Chain Sillfates 
EnstotifelFerrosilite Group 
EIlStatik f+ww6 200.79 Oh. Pbca 
Ferrosilite Fe#i& 263.86 Orth. Pbca 
Clinoenstatite MgzSizOs 200.79 Mono. P2tlc 
Clinoferrosilite Pe2Si206 263.86 Mono.P&lc 
Clinopyroxme Group 
Diopside CaMgSi& 216.56 Mono. C2Ic 
Hedenbergitc CaPeSi 248.10 Mono.CVc 
Jade& Ntilsi206 202.14 Mono. C2lc 
Acmite NaFeSizOs 23 1.08 Mono. n/c 
Cosmochlnr NaCrsi206 227.15 Mono.CZlc 
Spodumene LiAlSi206 186.09 Mono.CUc 
Ca-Tschennaks CaAlAlSiOs 218.20 Mono. CL/c 
Pyroxenoid Group 
Wollastonite CajSi3Og 348.49 Tric. Ci 
Bustamite* GaPe.dSi309 358.6 Tric. Ii 
Rho&mite MqSisOts 655.11 Tric. Pi 
Pyroxmangite Mn7Si70a 917.16 Tric. Pi 
Aenigmatite’ Na@5TiTiSkOzo 867.5 Tric. Pi 
Pectolitc’ HNaCa&Q 332.4 Tric. Pi 
Petalite LiAlS&Ote 306.26 Mono.PUa 
Amphibole Group 
Gedrite* Na,s(Mg$ez)A12Si,jO22(OH)2 853.23 Orth. Prima 
Anthophyltite* C%sFez)Sis022(OH)2 843.94 orth. Pm 
Cummingtonite* ~MgsFez)SisOzz(OH)2 843.94 Mono. C2lm 
Tremolite* ~a,~C@WWzz(OH)z 823.90 Mono Calm 
Pargas&* NaCa2FeMg,tAl#i&22(OH)2 864.72 Mono.CZ/m 
Glaucophane* Naz(FeMaAlrSisOn~OH~~ 789.44 Mono.C2/m 

Sheet Slllctaes 
Talc and Pyrophyllite 
Talc &s%OldOH)z 379.65 Tric. Ci 
Pyrophyllite A12Who@H)2 360.31 Tric. Ci 
Trioclohedral Mica Group 
An&e* KFe3(AlSi@t0(OH)2 511.9 Mono. (X/m 
Phlogopite* KMgfi&OldOH)2 417.3 Mono.C2/m 
Lepidolite* KAlLi2AISi30t0(OH)2 385.2 Mono.C2/c 
Lepidolite* KAU&AISi30tdOH)2 385.2 Mono. C2Ic 
LepidolW KAlLifiISi3Oto(OH)2 385.2 Mono.C2lm 
Ziiwaldite* K(AlFeLi)AlSi3Otu(OH)2 434.1 Mono.CZ/m 

Tounnaline 3 15.992 7.190 1592.5 319.7 3.263 66 

Vesuvianite 2 15.533 11.778 2841.8 421.9 3.429 6 

Orthopyroxene 8 18.227 8.819 5.179 832.49 62.676 3.204 197 

Orthopyroxene 8 18.427 9.076 5.237 875.85 65.941 4.002 197 

Clinoenstatite 4 9.626 8.825 5.188 108.33 418.36 62.994 3.188 150 

Clinoenstatitc 4 9.7085 9.0872 5.2284 108.43 437.60 65.892 4.005 33 

Clincpymxene 4 9.746 8.899 5.251 105.63 438.58 66.039 3.279 39 

Clinopyroxene 4 9.845 9.024 5.245 104.70 450.72 67.867 3.656 39 

Clinopyroxene 4 9.423 8.564 5.223 107.56 401.85 60.508 3.341 39 

Clinopyroxene 4 9.658 8.795 5.294 107.42 429.06 64.606 3.516 44 

Clinopyroxene 4 9.579 8.722 5.261 107.37 419.98 63.239 3.592 39 

Clinopymxene 4 9.461 8.395 5.218 110.09 389.15 58.596 3.176 39 

Clinopyroxene 4 9.609 8.652 5.274 106.06 421.35 63.445 3.438 164 

Bustantite 
Rhodonite 
Pyroxmangite 
Aenigmatite 
Pectolite 
Petalite 

4 10.104 11.054 7.305 99.53 100.56 83.44 788.04 118.66 2.937 163 

4 9.994 10.946 7.231 99.30 100.56 83.29 764.30 115.09 3.116 163 

2 7.616 11.851 6.701 92.55 94.35 105.67 579.84 174.62 3.752 155 

2 6.721 7.603 17.455 113.18 82.27 94.13 812.31 244.63 3.749 155 

2 10.406 10.813 8.926 104.93 96.87 125.32 744.52 224.21 3.869 40 

2 7.980 7.023 7.018 90.54 95.14 102.55 382.20 115.10 2.888 163 

2 11.737 5.171 7.630 112.54 427.71 128.80 2.318 219 

Orthoamphibole 4 18.531 17.741 
Onhoamphibole 4 18.560 18.013 
Amphibole 2 9.51 18.19 

Amphibole 2 9.863 18.048 

Amphibole 2 9.910 18.022 
Amphibole 2 9.541 17.740 

5.249 

5.2818 

5.33 101.92 

5.285 104.79 

5.312 105.78 
5.295 103.67 

1725.65 259.8 

1765.8 265.9 
902.14 271.7 

909.60 273.9 

912.% 274.9 
870.8 262.2 

3.184 169 

3.111 58 

3.14 60 

3.01 92 

3.165 185 

3.135 168 

Talc 2 5.290 9.173 9.460 90.46 98.68 90.09 453.77 136.654 2.776 175 
Talc 2 5.160 8.966 9.347 91.18 100.46 89.64 425.16 128.036 2.814 125 

1M 
IM 
=41 

2M2 

1M 
1M 

2 5.386 9.324 10.268 100.63 506.82 152.63 3.215 94 
2 5.308 9.190 10.155 100.08 487.69 146.87 2.872 94 

4 5.209 9.053 20.185 99.125 939.82 141.52 2.124 192 

4 9.04 5.22 20.21 99.58 940.38 141.60 2.791 193 
2 5.20 9.01 10.09 99.28 466.6 140.5 2.825 194 

2 5.296 9.140 10.096 100.83 480.0 144.55 2.986 82 



Table 1. Crystallographic Properties of Minerals (continued). 

FomntlaCrystal Space structure z a Y Unit Ceii Molar Density Ref. 
Weight System Group Type (4 (“) VoI (A3) Vol (cm3) (calc)(Mg/m3) 

Mineral Formula 

Dioctahedral Mica Group 

Muscovite* 
Paragonite* 
Margarite” 
Bityite* 

Chlorite Group 

Chlorite* 
Chlorite* 
clay Group 

NWXite 

Dickite 
Kaoiinite 
Amesite* 
Lizardite* 

Tektosiiicates 
Silica Group 

Qu- 
Coesite 
Tridymite 
Cristobaiite 
Stisbovite 
Feldspar Group 

Sanidine 
orthoclase 
Micro&e 
High Aibite 
Low Aibite 
Anorthite 
Ceisian 

KAi~ISi30tc(OH)2 398.3 Mono. C2/c 
NaAi~AiSi~Oto(OH)~ 384.3 Mono.C2/c 
CaAifilSi30tu(OH)2 399.3 Mono.C2/c 
Ca(LiAi)z(AIBeSiz)Ote(OH)2 387.2 Mono.C2/c 

2Mt 4 5.1918 9.0153 20.0457 95.74 933.56 140.57 2.834 187 
341 4 5.128 8.898 19.287 94.35 877.51 132.13 2.909 129 
2M2 4 5.1038 8.8287 19.148 95.46 858.89 129.33 3.061 83 
2M1 4 5.058 8.763 19.111 95.39 843.32 126.98 3.049 130 

Chlorite-IIb2 2 5.327 9.227 14.327 96.81 699.24 210.57 
Chlorite-IIW 2 5.325 9.234 14.358 90.33 97.38 90.00 700.14 210.85 

2.640 109 
2.636 108 

2.602 24 
2.588 22 
2.599 22 
2.778 86 
2.625 144 

555.8 Mono.C2/m 
555.8 Tric. Ci 

258.16 Mono.Cc 
258.16 Mono.Cc 
258.16 Tric. PI 
278.7 Tric. Cl 
277.1 Trig. P31m 

Nacrite 4 8.909 5.156 15.697 113.70 658.95 99.221 
Dickite 4 5.178 8.937 14.738 103.82 662.27 99.721 
Kaolinite 2 5.1554 8.9448 7.4048 91.700 104.862 89.822 329.89 99.347 
Amesite 4 5.319 9.208 14.060 90.01 90.27 89.96 688.61 103.69 
Lizardite IT 1 5.332 7.233 178.09 107.26 

SiO2 
SiO2 
SiO2 
SiO2 
SiO2 

60.085 Trig. f322l 
60.085 Mono.C2/c 
60.085 Mono.Cc 
60.085 Tar. f4t2t2 

Coesite 
Tridymite 
Cristobalite 

60.085 Tetr. W&nm Rutiie 

3 4.1934 5.4052 113.01 22.688 2.648 127 
16 7.1464 12.3796 7.1829 120.283 548.76 20.657 2.909 210 
48 18.494 4.991 25.832 117.75 2110.2 26.478 2.269 ill 
4 4.978 6.948 172.17 25.925 2.318 173 
2 4.1790 2.6651 46.54 14.017 4.287 20 

KAISi& 278.33 Mono.CZm Sanidine 4 8.595 13.028 7.179 115.94 722.48 108.788 2.558 199 
KAISi30s 278.33 Mono.CZlm Sanidine 4 8.561 12.996 7.192 116.01 719.13 108.283 2.571 47 
KAiSisOs 278.33 Tric. Ci Sanidine 4 8.560 l2.%4 7.215 90.65 115.83 87.70 720.07 108.425 2.561 31 
NaAiSigOs 262.23 Tric. Ci Albite 4 8.161 12.875 7.110 93.53 116.46 90.24 667.12 100.452 2.610 234 
NaAiSi& 262.23 Tric. Ci Albite 4 8.142 12.785 7.159 94.19 116.61 87.68 664.48 loo.054 2.621 89 
CaAI&Os 278.36 Tric. Pi Anorthite 8 8.173 12.869 14.165 93.11 115.91 91.261 1336.35 100.610 2.165 228 
BaAi2Si2Os 375.47 Mono.I;?/c Anorthite 8 8.627 13.045 14.408 115.22 1466.90 110.440 3.4cm 158 

Fekispathoid Group 
Leucite KAiSizOe 
Kaisilite KAiSi04 
Nepheiine KNa@J&tOts 
Meionite* Ct&&jSi&&@ 
Marialitef NaqAI,jSi,jO~Cl 

Zeolite Group 
AnaIcime* NatsAIt&20g~i 6H2O 
Chabazite’ Ca$i&sOw i3HzO 
Mordenite* KsAi&~Oga24H20 
CIinoptiioIite* KNa$J+Ai&+&~24H20 
Heulandite’ Ca4Kdh%&n26H20 

218.25 Tetr. I4tla Leucite lb 13.09 13.75 2356. 88.69 2.461 139 
158.17 Hex. P63 NepheIine 2 5.16 8.69 200.4 60.34 2.621 178 
584.33 Hex. P63 Nepheiine 2 9.993 8.374 724.19 218.09 2.679 64 
932.9 Tetr. P42/n Scapolite 2 12.194 7.557 1123.7 338.40 2.757 131 
863.5 Ten. P42ln Scapoiite 2 12.059 7.587 1103.3 332.26 2.599 132 

3526.1 Tetr. I4llacd Analcime 1 13.721 13.735 
1030.9 Trig. R%I Chabazite 1 13.803 15.075 
3620.4 Ortb. Cmcm Mordenite 1 18.167 20.611 7.529 
2750.0 Mono.C2/m Heuiandite 1 17.633 17.941 7.400 
2827.7 Mono. CZm Heuiandite 1 17.715 17.831 7.430 

Thomsonite* NaCa2AisSis02cbH20 671.8 Chth Pncn Thomsonite 4 13.089 13.047 13.218 

116.39 
115.93 

2585.8 1557.4 
2487.2 499.4 
2819.2 1698.0 
2097.1 1263 .O 
2132.2 1284.3 
2257.3 339.9 

2.264 138 
2.065 37 
2.132 153 
2.177 211 
2.221 4 
2.373 5 



Table 1. Crystallographic Properties of Minerals (continued). 00 

Mineral Formula Formula Ctystal Space structure z a 
(A) 

Y Unit Cell Molar Density Ref. B 

Weight System Group ‘be (“) Vol (A3) Vol (cm3) (calc)(Mg/m3) 
4 

Harmotome* Ba$a,5Al$itt03~12H20 1466.7 Mono. P21/m Phillipsite 1 9.879 
Phillipsite* K2.5Cal.gAlgSit0032.12H20 1291.5 Mono. P21/m Phillipsite 1 9.865 
Laumontite* CaA1$%401~4H~O 470.44 Mono Am Laumontite 4 7.549 
Natrolite* NazA12Si30te2H20 380.23 Orth. Fdd2 Natrolite 8 18.326 
Sodalite* NqA13Si301~CI 484.6 Cub. Pii3n Sodahte 2 8.870 
StiIbite* Nal,3Ca4.~AIleSi2C,072~34H~02968. Mono. C2lm Stilbite 1 13.64 
ScoIecite* CaAl~Si30te~3H20 392.34 Mono Fd Natrolite 8 18.508 
Gonnardite* Na&qAlgSitt0~12H~O 1626.04 Tetr. hi2d Natrolite 1 13.21 
Edingtonite* Ba2A14SisO2e8H20 997.22 Tetr. PTi2lm Edingtonite 1 9.581 
Gismondine* Ca&IsSia032.16Hfl 1401.09 Mono. P21la Gismondine 1 10.024 
Garronite* NaCa&I,jSireG3~13H~O 1312.12 Tetr. lzm2 Gismondine 1 9.9266 
Merlinoite+ K&afilgSi~0~24H20 2620.81 olth. Immm Merlinoite 1 14.116 
Ferrierite* NgKMgAl$%3t@Zl8H20 2614.2 Mono.P2rla Fenierite 1 18.886 
Fetrierite+ NaKMgfil7Si2gQzlBH20 2590.3 Orth. lmmm Ferrierite I 19.236 
Faujasite, NqCaAl.&0~16H20 1090.9 Cub. F&n Sodalite 16 24.74 
Ericnite* MgNaKZCa2AlgSi~707~18H202683.1 Hex. P63lmmc Erionite I 13.252 
Cancrinite* Car,~Na&leSi,@~~l.6C02 1008.5 Hex. P63 Cancrinite I 12.590 
Pollucite* CsAISi#s 312.06 Cub. la?d Analcime 16 13.682 
Brewsterite* SrAlfiis01~5H20 656.17 Mono. P21lm Brewsterite 2 6.767 

14.139 8.693 
14.300 8.668 
14.740 13.072 90. 
18.652 6.601 

124.8 
124.2 
90. 

996.9 600.5 
1011.3 609.1 

111.9 1349.6 203.2 
2256.3 169.87 
697.86 210.16 

2210. 1331. 
2292.8 172.62 
1155.6 696.00 
599.06 360.81 

1024.3 630.21 
1015.24 611.48 
1982.28 1193.92 
2000.8 1205.1 
2050.5 1235.0 

15142. 570.02 
2252.4 1356.6 

702.4 423.05 
2561.2 96.41 
910.2 274.12 

2.443 184 

2.120 184 2.315 202 z1 

2.238 174 E 
2.306 133 X 
2.23 71 ii 

2.273 107 

2.336 141 

P 

2.764 140 2 

2.223 226 8 
2.146 9 m 
2.195 72 3 
2.169 79 2 

2.097 80 

In 

1.914 18 F 
I .978 201 rA 

2.383 81 
3.237 156 
2.394 10 

3.380 59 
3.435 59 
3.327 166 

4.107 103 
3.810 102 
3.513 7 

3.4729 104 
5.044 151 

3.563 196 
4.848 236 
5.174 236 
5.346 151 

2.909 210 
4.287 20 

2.166 235 
1.989 235 
2.839 235 

18.24 
18.981 

11.27 
6.527 
6.622 
6.526 
9.832 

10.3031 
9.946 
7.470 
7.527 

128.0 
90.61 

10.626 92.40 

14.229 
14.182 
14.162 

90.0 
90.0 

14.810 
5.117 

17.455 7.729 94.40 

High Pressure Silicates 
Phase B Group 

Phase B Ww-%%KW2 
Anhydrous B MmSidh 
Superhydrous B bmWhdOW4 
MgSiO+roup 
MgSiOg-perovskite MgSi03 
MgSiO+lmenite MgSiO3 
MgSiOs-garnet MgSi03 
Wadsleyiie Group 

Wadsleyite MgzSiO4 
I%-Co$S iO4 CqSiO4 
Silicate Spine1 Group 

rM8zSQ Mg#iO, 
y-Fez%04 FezSiO4 
y-Ni2SiO4 NizSi04 
*02SiO4 CqSiO4 
Silica Group 

Coesite SiO2 
Stishovite SiO2 

Halides 
Halite N&l 
Sylvite KCI 
Villiaumite NtiF 
Carobbiite KF 

741.09 Mono. P21/c PhsB 4 10.588 14.097 10.073 
864.78 Orth. Pmcb AnhB 2 5.868 14.178 10.048 
619.40 Chth. Pnnm PhsB 2 5.0894 13.968 8.6956 

104.10 1458.4 219.567 
835.96 25 1.749 
618.16 186.159 

100.40 Grth. Pbnm Perovskite 4 4.7754 4.9292 6.8969 162.35 24.445 
100.40 Trig. RJ Ilmenite 6 4.7284 13.5591 262.54 26.354 
100.40 Tetr. 141/a Garnet 32 11.501 11.480 1518.5 28.581 

140.71 orth. Imma Wadsleyite 8 5.6983 11.4380 8.2566 538.14 40.515 
209.95 Ortb. fmma Wadsleyite 8 5.753 11.524 8.340 552.92 41.628 

140.71 Cub. F&m Spine1 8 8.0449 524.56 39.493 
203.78 Cub. F&m Spine1 8 8.234 558.26 42.030 
209.95 Cub. Fa.h Spine1 8 8.138 538.96 40.511 
209.50 Cub. f%%n Spine1 8 8.044 520.49 39.187 

60.085 Mono. C2lc Coesite 16 7.1464 12.3796 7.1829 
60.085 Tetr. P4dmnm Kutile 2 4.1790 2.6651 

120.283 548.76 20.657 
46.54 14.017 

58.443 Cub. Fmh Halite 4 5.638 
74.555 Cub. F&n Halite 4 6.291 
41.988 Cub. Fdm Halite 4 4.614 
58.100 Cub. Far% Halite 4 5.34 

179.22 26.985 
248.98 37.490 
98.23 14.791 

152.3 22.93 2.53 235 




















